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: The processing of irradiated fuels at the Hanford Plutonium~Uranium 
Reduction Extraction {PUREX) Plant involves the chemical removal Qf the_fuel 
cladding by the Zirflex process* and dissolution of the fuel elements in· 
nitric acid, followed by separation, purification, and recovery of uranium 
an<:i plutonium by the PUREX solvent-extraction process. The process also 

.· provides for recovery and reuse of nitric acid· and of organic• solvents, ·for 
recycle of waste streams, and for handling, treatment, and disposition of 
gaseous, liquid, and- solid-.wastes. The major components of the PUREX 
process are shown in Figure 6-1. 

6 .. 1.1 ·· Narrative Description 

Zircaloy-clad- spent fuels are charged to the plant dissolvers where the 
cladding is dissolved by a boiling mixture of AFAN. The AF dissolution of 
zirconium produces arrmonia.and hydrogen; however, the presence of AN ,in the

_decladding solution suppresses the formation of hydrogen. Ammonia is 
.iemoved from the. offgas stream by water scrubbing;· the scrub liquor is then 
·routed to the ammonia waste handling system. Dissolver offgases (DOG) are 
continuously sampled and analyzed by ammonia and hydrogen analyzers. 
Concentrations of these gases are controlled to well below the effective 
lower-explosion limits··of 6.0 vol% hydrogen and 14 vol% ammoniao 

When the decladding reaction is complete, the decladding solution is 
cooled and, after a quiescent period to allow solids .to settle, is trans
ferred to the claddi.ng~waste receiver tank. The solution is transferred 

· with agitation to the centrifuge feed tank, allowed to settle, then sampled 
and analyzed for uranium and plutonium content. After-sampling, the 
cladding waste is centrifuged ta recover residual uranium and/or plutonium 
present as.tetrafluoride particulates.· The clarified effluent is routed to 

· an agitated tank containing excess sodium hydroxide, which permits ammonium 
· ions_ to be replaced by Na+ ions (a condition- necessary for long-term. 
underground tank waste storage) •. Ammonia lib.erated .in this reaction is 
scrubbed from the offgas stream with water, and the scrub liquor is routed 

-to F Cell. for additional treatment. Residual ammonia in the offgas stream 
·is route~to tlie atmosphere·via a stack. The alkaline cladding waste is 
· transferred to underground storage. 

During the Zirflex decladding reaction, about 1% to 10% of the uranium 
_ metal and associated plutonium that is charged to the dissolver reacts with 

. AF to form the relatively insoluble uranium tetrafluoride and plutonium 
· · tetrafluoride. These tetrafluoride compounds are converted to hydrous 

oxides (which are soluble in nitr_ic acid) by metathesis reactions with 
_potassium hydroxide performed in the dissolver and on the solids 

*Th~ lirflex process refers to. the diss6lution of Zircaloy in a 
boiling so.lution of ammonium fluoride and ammonium nitrat-e (AFAN). 
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removed from the centrifuge. Soluble fluorides, produced during. the 
metathesi_ s · ~eaction~ are ~emo_ved by wat_e_r r·insin9. Re~i~u~l fluori~es are 
complexed with aluminum nitrate nonahydrate (ANN) .to minimize fluoride· · 
.corrosion of stainless steel. during.the'.nitric acid dissolution of the 
hydrous uranium and plutonium oxides and the uranium.metal charged to -the 
dissolvers. Metathesis wastes are treated and handled via the cladding 

. waste handling facilities. 
. . ' . 

. The dee lad -fuel elements are dissolved in 50% nitric acid ( about 
10.4M)· to produce ·a solution containing uranyl and tetravalent plutonium 

· nitrates. Dissolution of a charge of-0.947 wt% 235u spent fuels nor
'mally requires two "cuts;" a charge of spent fuel containing up to 
1.25 wt% '(1.15 wt% average). 235u (spike fuel*). is· limit~d ·in size by 

· criticality considerations to allow•its. dissolution in one "cut." 
. . 

the dissolution reaction produces oxides of nitrogen and also releases 
gaseous fission products (FP) -(e.g., 85Kr, l33xe~ 1291, 1311). The 14c 
and a portion o.f the 3H in the fuel are also released as carbon dioxide and 
water, respectively. Tne gaseous waste stream is treated via ·a 'silver 
reactor for removal and retention of radioactive iodine, filtered, and 
routed to the acid recovery system, where oxides of nitrogen are recovered 
as nitric acid. and more radioiodine is absorbed. 0ffgases from the acid 
recovery system are continuously mon.itored·forl311 (process control pur-

- poses) prior _to entry to the 200-ft 291-A-l stack for discharge to the · 
atmosphere. ·continuous monitoring. of the oxides of nitrogen, alpha, beta
gamma, 1291, and 1311 concentrations plus real-tiine measurement of the 85Kr 
concentration in the 291-A-l stack. effluent are conducted. In addition, 
co-llection·media samples are ta.ken and analyzed at least quarterly for 
14c, 3H, and other specific radionuclides. When dissolution is ·complete, 
the dissolver solution is cooled and transferred to storage tanks TK-D3, 
-D4, and -D5 for sampling, analysis, and accountability measurements. Dis
solver solution from TK-D5 is pumped to TK-E6 for batch makeup of feed 
solution for solvent extraction processing, which is then jetted to TK-Hl. 

. ·.• 

In the initial solvent extract~on process step (codecontamination), 
feed solution_ is pumped from TK:..Hl to the HA column, where it is contacted 
with _the solvent [30 vol% tributyl phosphate (TBP) and 70 vol% normal 
paraffin hydrocarbon {NPH)] and with an aqueous solution of nitric acid. 
The desired products (uranium and plutonium) are extracted into ·the 

. organic• stream (HAP), which flows from· the top of the HA column to TK-J3. 
The aqueous waste stream (HAW), which contains only trace quantities .of 
the ~esired products and 99.99% of the.FP associ~ted with· the dissolved 
fu.el, flows from the bottom of the column and is routed to the high-level 
waste handling system. · 

See Section 4.1. l for definitions an-d descriptions of the N Reactor· 
fuel assemblies. 

6-5 
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. The second so 1 vent extractJp~ .PfOC~S.S·) ri~ .' st~P. ( part it ioni ng). uti 1 i zes 
the lBX, lBS, and lC columns. In this step, ·solution from TK-J3 1s pumped 
to the lBX column where it is countercurrently contacted with an aqueous 
solution of ferrous sulfamate-sulfamic acid to reduce plutonium· to the +3 
valence. The aqueous phase containing the reduced plutonium flows from 
the bottom of the lBX column to the lBS column5l where· it is contacted with 
organic to remove uranium impurities. The aqueous plutonium product stream 
from the lBS column ( lBP) is routed to TK=J5e The organic stream exiting 
the top of the lBS column {lBSU), containing uranium and/or neptunium lost 

. to the lBXP stream pfos 6% to 10%- of the plutonium, is rec:yc led to the 
lBX column feed tank (TK-J3). The .organic stream ( lBU) from the . 
lBX column, containing the,uranium and a trace of neptunium and plutonium, 

. overflows from the tap· of the lBX column to:. the bottom of· the lC column .• 
·· Uranium and trace impurities are stripped from ~the· organic by a dilute 

aqueous nitric. acid solution in the lC column and exit the bottom of the 
column as the lCU stream. · The· lCU is routed to the lCU concentrator · 
(E-J8-l) .for ·volume reduction. The organic stream exiting the top of the 
lC column (lCW). is ro·ut.ed to the solvent recovery system 1 for treatment 
and subsequent reuse. · · 

In the second uranium cycle, the concentr.ated uranium product stream 
· (lUC} is purified· by solvent extraction and concentrated for storage and. 

subsequent. shipment· to the :Uranium Oxide {UOj} ~l'ant. Nitric acid and . 
hydrazine are added to the lUC in TK-Kl to prepare-a feed solution for the_.· 

... 2D column. The feed is pumped to the 20 column, where· it is contacted · 
with solvent and two scrub streams. The intermediate scrub stream (2DIS) 
is an aq~eous solution of hydroxylamine ·nitrate to reduce plutonium to the 
+3 valence. · The upper scrub ·stream (20S) is- demineralized water to remove 
nitric aci<l and FP from the organic. The residual plutonium,' neptunium, 
FP, most of the nitric acid· and about 6% of:the uranium present in the 2DF 
exit the bottom of the column in the aqueous waste (2DW). The 20W stream 
is· routed to the backcyc le waste concentrator for concentration· ·and recycle 
to the HA column. The organic stream (2DU) containing .. the purified uranium. 
product overflows the 2D column to the 2E column, where the uranium is 
stripped bY a dilute aqueous nitric acid solution.. The aqueous uranium 
product soluti~n is concentrated to about 2~0M uranium concentration [60% 

· uranyl nitrate hexahydrate in acidic solution-(UNH)], sampled, analyzed, 
and t~ansferred to the 203.:.A tanks for storage and shipment. The organic 

· effluent.from the 2E column~ devoid of uranium, is routed to the solvent 
recovery system 2 for treatment and .reuse. - . . .. 

' . . 

The plutonium product stream (lBP) from the 18S column is decoritami-
. nated and purified by two cycles of .solvent extraction using the 2A-2B and 

·· · 3A"-3B columns. The lBP stream is collected ih TK-J5, where the plutonium 
· is oxidized to the +4 va.lence~ which is extractable in the organic s,olvent, 
-. arid puinpe<l to t_he 2A .column. The aqueous_ waste stream from the column 

(2AW), which contains a small percentage of the entering p.lutonium together 
with scrubbed · and nonextracted FP ~ is rquted ta the backcyc le waste concen

. -'· trator for recycle to the HA column~ The·organic plutoniµm product stream 
· ~(2AP) is routed to·the·2B column, wbere it is contacted wit~ aqu~ous
<-reducing agents (hydroxylam.ine nitrate and hydrazine)- to convert the plu
. tonium:to the aqueous favoring +3 valence •. An organic stream is added at 

• '· 6-6 ·. 
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the bottoin of the.column to scrub _res-idual ura~iurn froin .the plutonium..: 
beartng stream. The organic waste stream exiting the top of.-the.2B column. 
is recycled to the lBX feed stream; the· plutonium product stream ( 2BP) 
~xi;ts -the bottom of the 2B column to the 3A column.feed 'tank {TK..:L3},. 
where nitric· acid_ ·is added which oxidizes the plutonium to the" +4 val_ence. 

- , The 3AF :feed stream is pumped from TK-L3 to the 3A column, where the 
plutonium is extr_acted into the entering 3AX organic stream _and exits a·s 

-_ the product stream { 3AP}. The aqueous waste stream { 3AW), containing about 
0.3% of the plutonium and 98% of, the FP. present in the feed stream, is. _ · 
recycled.to-the HA column· via th~ ba:ckcycle waste·toncentrator receiver• 
tank. The organic product stream {3AP) _9verflows _to the 3B col1Jmn, where. 
_the p'lutonium _is stripped from the organic by ·the dilute aqueous nitric 
acid stream {3BX)~ The 38 column organi_c waste stream is routed to the 

-lBX feed tank for recycle to the lBX column. -- Nitric acid is added to the 
3B column aqueous pr'oduct stream {38P) to minimize the potential -for plu
tonium polymer fonnation_. St.earn stripping to remove residual organic. __ . 
solv_ent .and. concentration prior to transfer- _to 'the PUREX plutonium oxide 
productipn f acilhy are then perfonned. ' · · · 

·In-the plutonium oxide prod1Jction fa.c°ility, -the concentrated plu
-_tonium _nitrate .solution .is _transferred to a prereduction tank where· 

··hydrogen peroxide is ·added to convert any plutonium +6 .and +3 to the· 
+4 valence. This solution and ·oxalic. acid are then transferred at con- · 

· trolled rates·to a reaction vessel .where-a plutonium oxalate preqipitate 
- is fanned. The plutonium oxalate· is filtered from solutfon and ·calcineo --
to produce a final plutonium dioxide product •. Th·e_-plutonjum dioxide - · 
prod_uct :is blended, s~mpled, ana'lyzed, weighed, canned, labeled, and 
reweighed prior to shipment. Waste solutions from this facility are 
recyc_led to the solvent extraction process for recovery of residual· 
p·lutonium. · · · · 

· The l CW and 2EW sol vent waste streams are routed to sol vent treatment 
systems 1 and 2, respectively~ In these systems, the organ-ic is contacted 
with aqueous solutions of sodium carbonate-potassium permanganate to remove _-

- FP and· organic degradation products. The organic is then scrubbed with 
dilute nitric acid in the 10 column (system 1) or the 20 column (system 2) 
prior to return to the process. Fresh TBP and/or NPH, as required, are 
added to replace solvent losses. 

- · The PUREX P.la~t recovers nifric acid from the metal .dissolution 
operations, as previously stated, and also from the solvent extraction 
operations. Treatment of the HA column aqidic high-level radioactive 
waste stream {HAW_) for volume r_eduction is the major source for the acid 
recovered from ,solvent extraction. The HAW is concentrated in the 

- E-F6 concehtrato~ with the overheads routed .to the T-F5 acid absor~er. 
The bottoms from this concentrator (lWW) are· reacted with sugar in TK-Fl5 

- to produce carbon and oxides of nitrogen which are .also routed to the 
T-FS acid absorber. Nitric acid recovered in the T-FS absorber, in 

6-7 

-
.!,,, ' 



~
~ 

6{ 

SD-HS-SAR-00.l 
REV :,J;,· 

~~ :•~::;-sr:a!:~:is.~•~:c!!~~:t~~!!>~!~{f~:e;~0ih:1~~~6(!~~:it 
vacuum fractionator. The partially denitrated high-level waste stream is. 
reacted with sodium hydroxide to an alkaline pH and transferred to the 
high-level waste storage tankso 

· Operation of the PUREX Plant requires large quantities of process 
chemical solutions, steam, water, etc .. , which are prov.ided by the service 
and utility systems discussed in Section So 4. Such operations also 
generate significant volumes of liquid, gaseous, and sol id wastes •. 

_Confinement and management·of PUREX process wastes are discussed in 
Chapter 7 .o. -Inputs. to· and· outputs· from the -PUREX, Plant during standby 
are shown in Figure 6-2 and du-ring operation with N Reactor· fuels in 
Figure 6~3. · 

$', ' 

I'~,. 

6~ 1.2 Major Components 

... ~.ch': 
. ~~ 

. ~t~ii.: . 

The.complex operations required in a nuclear fuels reprocessing-plant 
result in a variety of unit operations performed with some equipment . 
standard to chemical plants. and others unique to nuclear fuels 
reprocessing. The corrosive and radioactive nature of the process . 

... environment requires utili'zation of corrosion- and radiation-resistant · 
:'construction materials. _Vessel geometries are standardized to the extent 
.··possible, and the majority of vessels are fabricated of Type 304L 
stainless steel, while a few, _for even greater corrosion resistance~ are 
of titanium or tantalum. Where needed. and practicable, vessels are 
designed to be geometric any favorable for criticality prevention. 

;~• 

:J· Table 6-1 li_sts the PUREX vessels by equipment piece number and. by· 
function, detailing capacity and· geometry •. Each important equipment piece 
·is discussed as part of the respective process description. 

·6.1.3 Operational Control 

Operati6nal control of the process~s is achieved through process· 
sampling which i.s coupled wlth ,mo11itoring.of process variables by 
instrument observation supplemented by alarms. Process performance· is 

-. compared. with historic performance data and maintained within limits 
imposed by· f.onnal specifications. and standards.· Operations are· conducted 
according to formally- issi.ied plant operating procedures and operations 
safety requirements (OSR) ., 
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BOILING 
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SANITARY 
WATER 

1 ,9 IC 108 
L/yr 

NONRADIOACTIVE 
IN-PROCESS 

SOLIDS: NONE 

LIQUIDS: 30 VOL% TBP/NPH 
75,000L; HN03 
(50%) 56,BOOL 

GASES: NONE 

PROCESS 
CONDENSATE 

TO AW FARM 216-A-10 
CRIB 

RAW .. 
WATER 

2.2 JC 109 . 

L/yr 

STEAM 
CONDENSATE 

216-A-30 
CRIB 

STEAM 

5 11107 

kg/yr 

AIR 

3 11109 

m3/yr · 

IN-PROCESS RADIOACTIVE MATERIALS 

SOLIDS 

NONE 

FILTERED 
EXHAUST 

GASES 

. ATMOSPHERE 

GASES 
NONE 

· SOLUTION 

U - < 11 

Pu - < 250g 

. COOLING 
WATER 

216-A-25 
POND 

·FIGURE 6-2. PUREX Plant input-Output Diagram--Standby. - . 
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ESSENTIAL 
MATERIALS 

SANITARY 
WATER 

IRRADIATED FUEL' 

HIGH
LEVEL 

WASTE 

TANK FARM 

AMMONIA 
SCRUBBER 
. WASTE 

CONDENSATE 

216-A-36-B 
CRIB 

IN-PROCESS 
NONRADIOACTIVE . 

MATERIALS 

SOLIDS: NONE 

LIQUID:· 30 VOL% TBP . 

. GASES:. NONE . 

NONBOILING. 
- WASTE 

TANK FARM 

PROCESS 
CONDENSATE 

216-A-10 
CRIB - · 

STEAM 
RAW 

WATER· AIR 

IN-PROCESS 'RADIOACTIVE MATERIALS 
UNHVIA 
TANK TRUCK 
U03 PLANT SOLIDS ~ 

U 18 t NONE 
90Sr 1 x 105 Ci 
137Cs 1 x 106 Ci 
95Zr-Nb 5 x 106 Ci 
144Ce 1 x106 Ci 

. 2j 7Np 0.2 kg . . 

CHEMICAL 
SEWER. 

216-B-3 
;POND 

STEAM 
CONDENSATE .. 

216-A-30 
·cRIB 

LIQUIDS 

LI 91 t 
90Sr 4 x 106 Ci 
137Cs 4 x 10s Ci 
95zr "'b-2 X 105, Ci 
144ce 4 x 1oe Ci 
237Np 1 kg 

. FILTERED 
EXHAUST 

GAS 

Pu OXIDE TO 
STORAGE 

. Np OFFSITE · 
-• I CAPABILITY .IN 

PLACE BUT NOT 
PLANNED TO 

COOLING 
WATER 

BE USED) 

ATMOSPHERE 216-A-25 AND/OR 
216-B-3 PONDS 

RCP8003-62B 

FIGURE 6-3. PUREX Plant Input-Outpu~ ~1agram--Operat1on (N Reactor fuels). 
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·-TABLE 6-1._ PUREX Plant Vessel an~- Sump Schedule. (Sheet ~ of -~) _ -

_Item 

TK-A3,-,B3~--C3 
TK-A3-4,B3-4, 
. -- C3-4 _- - -

TK-Dl 
TK .. 02 

. TK-03,-04 
_ · TK-05 
• TK;.El, 

G,-E2 
TJ< .. EJ --

--TK-E3-,.2 
G-E4. , 
TK-E5 
TK-,.E6' 
TK-F3 
T-F5 

- E-F6 

TK-F4 
E-Fll-1 

TK-F7 
TK-F8 
TK-FlO 
TK-F12 
TK-F13 

- 'rK-F14 
TK-F15 

·- TK-Fl6 
- :TK-Fl7 

'rK-FlS 
TK-F26 
TK-Gl 

-T-G2 
TK-G2 
TK-G5 
TK-G6 
TK-G7 · 

TK-G8 

TK,;,Hl 
T-H2 
'T-H3 
E-H4 

TK-Jl 
TK:..J2 
TK'."J3 
T-J4 
TK-J5 

- -T-J6 
T-J7 
E-J8 

_ T~-J2l 

T-J22 
T-J23 
TK-Kl 
T-K2 

· T-K3 
E-K4 

Function 

Dissolver 
NH

3 
scrub waste 

Metathesis storage 
Coating waste 
Metal solution 
Metal solution 
Centrifuge product 
Coating waste centrifuge 
Centrifuge _feed _ 
NH scrub waste 
Coiting waste cent'rifug~ 
Centrifuge waste 
HAF makeup · 
Acid receiver 
Acid absorber 

lww_· concentrator 

Vessel- vent condensate 
ASWconcentrator 

lWF 
Waste· rework _ 
3WF decanter 
E-F11 feed' 
Rework storage 

· Decanter· ( not usable) 
lWW denitrat ion 
lWW denitrat ion 
Tube bundle flush 
Ut i1 i ty waste 
lWW r'ecei ver 
lOF 
10 coh111n 
lOS 

_ 100 
100 decanter 
100 pump tank 

(turbomixer not used) 
lOW 

HAF 
HA column 
HS column -
3WB concentrator 

3WB 
Mfsce 11 aneous storage 
IBXF 

• IBS column 
2AF 

IBX column 
IC column 
ICU concentrator 

2NF 

2N column 
2P column 
2DF 
20 column 
2E column 
2EU concentrator 

Nominal volume 
(gai) 

·5,000 
2,100 

5,000 
5,000 
7,700 

_ 5,000 
l;.700 

180 
5,000 

250 
125 

5,000 
,5,000 
5,000 

300 

2,200 -

5,000 
2~500 _ 

3,800 
5,000'' 
5,000 
-s.ooo' 

_ 5,000 
- 400 
5~000 
5,000 
1.200 
5,000 
3,600 _ 
5,000 
2,000 

-1,900 _ 
15,000 

450 
15,000 

5,000 

5,000 
l ~850 
1,770 
2,700 

5,000 
1,340 
5,000 

130 
' 370 

1,600 
1,770 
3,700 

320' 

150 
100 

5,000 ' 
1,370 

. l ,770 
3,700 

6-11 

Size -

9 ft 3 in. by 4 ft 11 in. IOa by 14 ft 
4_ft O in. by 8 ft-6 in. by 10 ft 

10 ft O in. by 9 ft 3 in. 
_10 ft 0 in. by 9 ft_ 3 in. 
10 ft 6 in. by 12 f.t 8 in. by 9 f~ 2 in.·_ 
10,ft O in. by 9-ft 3 in. 
7 ft O in. by .6 _ft 9 in. 

. · 48 in. by 25 in. - · 
. 10. ft .0 in. by 9 ft 3 in.·· 
· 3 ft. 2 in. by 4 · ft 6 in •. -
40 in. by 25 in. 
10 ft O •in. by 9 ft 3 in. 
10 ft_ 0 in~ by 9 ft 3 in. 
10 ft O in. by 9ft 3 in. 
10 ft ODb by 9 ft 3 in. -
_ 3 ft-6 in. ID by 9 ft _ 

_ Two 4 ft 5 in. ba,:rels by'12 ft .and· 
one 2 ft 6 in. barrel by 12_ft 

10 1'.t o' in •. by 9 ft·3 in. · ·. - ·· . _ 
T1110 4 ft 5 in. 'barrels by 12 ft and_ 

one 2 ft 6 in. barrel by 12 ft 
6 ft 9 in. by 10 ft 6 in, by 9 ft 2 in. 
10 ft O in. by 9 ft 3 in. · 

·10 ft 0.in •. by 9 ft 3'in. 
10 ft O in.-by 9 ft 3 in. 
10 ft O tn. by 9 ft 3 in. 
4 ft O in. by 5 ft O in. 
10 ft O in. by 9 ft 3 in. 
10 ft _O in. by 9-ft 3 _fn. 
4'ft 2 in. by 12 ft O in. 
10-ft O in. by 9 ft 3 in. 
6 -ft 9 fn. by 10 ft 6 in. by 9 ft 2 in, 
10 ft O in. by 9 ft 3 in. · 
34 in. dia by 32-ft 
7 ft O in.·by.6 ft 9 in. 
10 ft 6 in. ,by 16 ft by 14 ft 
4 ft by 5 ft _ 
10 ft 6 in. by 16 ft by 14 ft 

10 ft O in. by 9 ft 3 in. 

10 ft O in. by 9 ft 3 in. -
26 in. dfa by 40 ft 
34 In. dia by 26 ft - _ _ 
Two 4 ft 5 in. barrels by 12 ft.and 

one 2 ft 67 in. barrel by 12-ft 
10 ft O in. by 9 ft 3 in. 
4 ft 2 in. by 14 ft-0 in. 
10 ft 0 in. by 9 ft 3 in., 
8 in. dia by 14 ft 
8 ft 6 in. OD by 8 ft O in. ID 

by 8 ft 11 in •• 
32 in. dia by 33 ft -
34 in. dfa by 26 ft 
Ti«> 4 ft 7 in. barrels by 10 ft _and 

one 2 ft 6 in. barrel by 14 ft -
4 ft 5 in. OD by 3 ft 11 in. ID 

by 14 ft 8 in. 
7 'in. dia by 38 ft 
7 in. dia by 24 ft 
10 ft O in. by 9 ft 3 in. 
24 in. dia by 16 ft - 32 in. dia by 16_ ft 
34 in. dia by 26 ft 
Two 4 ft 7 in. barrels by 14 ft and 

_one 2 ft 6 in. barrel by_l4 ft 
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TABLE 6-1. PUREX Plant Vessel and Sump Schedule.. (Sheet 2 of 4} 

Item Function Nominal volume Size (gal) 

TKeKS' 2UC receiver 5.ooo 10 ft O fno by 9 ft 3 in. 
TK=K6 UNH product 5,000 10 ft,o in. by 9 ft 3 in. 
T~Ll 2A colum 130 7 in dfa by 40 ft 
T-L2 28 colwm 90 7' In. dfa by 30 ft 
TK-L3 3AF 120 34 In. OD by 30,in. ID 'by,12,ft 
TK-L4 3A colUIIII 40 3-1/2 in. ID by 34 ft 
T;.L5 38 co 111111 . 30 3-1/2 In. ID by 22 ft 
T-L6 Product stripper 10 Two barrels 4 in. by 8 ft, 3 ft tower 
E-L7-l Product concentrator 10 Two .barrels 4 in. by·8 ft, 3 in. tower 
TK-L8 Product receiver 10 Two barrels 4 In. by 8 ft· 
TK-L9 Pu product s~ ler 11 Three barrels, 5 in. dfa by 38 ino 
TK-L 11 Pu recycle 25 Three 4 in. dfa barrels by 12 ft 
TK-L13-10 Pu loadout 2.4 6 in. by 21 In. 
TK-Ml Equipment decontamination 4,100 7 ft O ino by 14 ft O in. 
TK-M2 Equipment decontamination 1,800 5 ft O in. by 14 ft O In •. , 
TK-M3 Pu nitrate solution 55 ThFee barrels 6 In. by 14 ft 

storage 
Three barrels 6"in. TK-M4 - Pu nitrate solution 55 by 14_ft 

TK=MS 
storage 

Pu nitrate ·solution 55 Three barrels 6 In. by 14 ft 
storage 

TK-M6. Pu nitrate solution '55 Three ·barrels 5·1n. by 14 ft 
storage 

TK-N3 Pu nitrate feed- 3 6 In. by 3 ft 
TK-N4 HO feed tank 1 4 in. by-20 in. 
TK-N5 P~ieduction tank 8 6 In. by 5 ft 10 in. 
TK-N6 P~ tank 4 6 in. by 3 ft 
R-N7 Precipitator 0.8 5. ino by 1 ft 
F-NS Vacu11n drllli filter 0.3 Half-circle pan.7 in •. radius 

by a;.112 in. wide 
CA-N9 First-stage calciner .. 3 in. by 5 ft 
CA-NlO . Second-stage calclner 

' 
3 in. by 5 ft 

TK-Nll Filtrate-receiver 6.3 6 in. by 5 ft 
E-N13 Filtrate concentrator - 7.1 6 in. by 11 ft 9 in. 
TK-Nl5 Filtrate hold.Ing tank 26 --- Three barrels 6 in. by 6 ft 8 in. 
TK-N16 Filtrate holding tank · 26 Three barrels 6 in. by 6 ft 8 in. 
T-Nl9 Offgas scrubber 2~6 6 fn. by 7 ft 6 in. 
TK-N20 . Liquid seal tank 2~4 6 in. by l ft 7 in. 
TK-N21. Condensate receiver tank 24 Three barrels 6 in. by 6 ft 8 in. 
TK-N22 Condensate receiver tilllk 24 Three barrels 6 in. by 6· ft 8 in. 
TK-N30 Vacuun tank 6 6 in. by 5 ft 6 ino 
TK-N33 Closed loop.cooling 2.1 6_ In •. by 1 ft 7 in. 

expansion tank 
TK-N39 I 

Vacuun drop-out 12.25 9 ft.3 in. by 6 in. 
· TK-N40 Vacu1111 drop-out • 12.25 .9 ft 3 in. by 6 in. 

TK-N43, I V acu1111 drop-out 3.3 6 In. dia. by 27 in. 
TK-Ql I 2PN concentrator feed 12 7 in. by 6 ft 
E-Q2 .I Stripper conceritrator 10 6 in. by 20 ft 
TK-Q3 3XF feed 110 3 in. annulus by 5 ft 6 in. 
T-Q4 3X resin colwm 16 6 in. by 5 ft 6 in. 
TK-Q5 JXW waste 500 48 in. by 5 ft 
TK-Q6 3XN receiver 25 18 in. by 2 in. 
TK-Q7 Np product loadout 1.5 6 in. by l ft 
TK-QB Sump tank 46 24 in~ by 2 ft 2 in. 
E-Q9 Vent jet condenser 12 · 8 iii. by 5 ft 6 in._ 
TK-Rl 20F 5,000 10 ft by 9 ft 3 in. 

- T-R2 20 colunn 2,000 34 in. dia by 32 ft 
TK-R2 20X 1,900 7 ft bb~ ft 9 in. 
TK-R5 Utility 9,000 - 10 ft y 14 ft 
TK-R6 Utility decanter 430 4 ft by 5 ft 10 in. 
TK-R7 200 9,000 10 -ft by 14 ft 
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·. TABLE 6-1. PUREX Plant Vessel and Sump Schedule. {S~eet 3 of 4) 

Item Function 

·. Tl<-U4 Laboratory waste 
Tl<-US' Fractionator feed 
T-U6 Fract1onator 
TI<-US Condensate n?ce1ver 
T-XA · 

.. Ac.id absorber 
T-XB Acid absoroer 
TI<-XC Acid receiver 
'TI(.,;)(Q Acid ·receiver · 
SA A cell SUll1) 
SB B cell SU~ 
SC C cell SUll1) 
SD D cell SUll1) 

SE E cell SUll1) 

SFA F cell SUll1) 
SFB ,F ceil SUll1) 

SG G cell SUll1) 
SH T-H2 SUll1) · 
SJ·. J cell SUll1) 

SJ-2 J cell package sump 
SK K cell s~ 
SLBc ' Tl<•L 13 SU~ 

· SLDc Tl<-L 11 SUll1) 

SlEC Tl<-L9 SUll1) · 

SLFC TX-Ll0 s~ 

SLK Tl<-K6, T-Lf suq, 

SLL T-L2, L .cell package 
SUll1) 

SM ' M cel 1 SUll1) 
SN N cell gloveboxes 

.. ., 

SR R cell sump 
SUA U cell sump 
SUB U .cell sump 

ainner diameter. 

bouter diameter. 

Nominal volume 
(gal) 

· 8,000 
9,000 
1.750 
1,000. 
. 450 

250 
5,000 
2,300 

45 
45 
45 
45 
30 

45 . 
45 

, 45- --
2,600 

60 
2,700 

60 
1.5 

l 1n. • 4.5 . 

0 

il 

1n.• • 140 

1n. • 160 

45 
0 

. 45 
45 
45 

10 ft by 14 ft 
10 ft by 14 ft 
8 ft by 32 ft 
6· ft by 5 ft 

_6 ft by 22 ft 
4 ft 6 in. by 20'ft 
9 fl: 3 in. by. 10 ft 

. 7 ft by 8 ft 
24 in. by 24 in. by 18 in. 
2~ in. by 24 irj. by 18 in. 
24 in. bY 24 in. by JS in. 
24 in. by 24 in. by 18 in. . 
24 in. by 24 i_n. by 18 in. (filled w,ith 

l in. boron raschig rings) 
24 1n. by 24 in. by 18 in. 
24_ 1n. by 24 in. by. 18 1n~ , 
24 in. by 24 ·•-in. by- 18 in. 
9 ft 0 in. by 6 ft 9 1 n; by 4 ft_ 11 in·. 
·30 .in. by 24 1n •. by 18 in.· 
9 ft·9 in. by 8 ft 2 in. by 5 ft 
30 in. by 24 in. oy 18 iri. · 
2 ft 2 in. ·by 2 ft by 2 in. 
8 ft 2 in •. by 18 in. by l ,.in. (slope · 

l in. in 8 ft) 1 in. overflow · 
16 in. by 19 ft (slope 2-1/4 in. ,in 

1.9 ft) .. 
16 in. by 19 ft (slope·2-l/4 in. in 

19 ft) ·. . .. 
. 1-1/2 in• by' 26 ft, then canyon floor 

(trough slopes from 1 to.a in. deepj 
32 ft by 14 ft canyon floor (slope 

7 /8 in. in 7 ft) · 
24 in. by 24 in.· by 18 in. . 
N cell gloveooxes have Sll'IIPS similar to 

, - SLR, SLD. SLE, and SFL in PRd -room 
· 24 in. by 24 in. by 18 in. · · 
24 ;n. by 24 in. by 18 1n. 
24 in. by 24 in. by 18 in. 

• ,cSLB,·o. E.F. and SN drain to SLL via criticality drain. 

dProduct handling and remov'al ,.;,om. 
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TABLE 6-1. PUREX Plant Ve~~~l and Sump Schedule. (Sheef 4 of 4) 

Notes: 

All equipment has two names: flowsheet name and the equipment code and· 
cell location. For example, the HA feed tank is a flowsheet name and 

· TK-Hl is the code and location name for the HA feed tank, where TK stands 
for tank and Hl indicates it is located in the first position in H cell.· 

Equ.i pment codes ·are'._as f o 1 lows: 

CA. Calciner 
E - Concentrators and associated condensers 

F - Filter 
· G Centrifuge .-

S - Sump 

T Tower ( used for all columns and a few other pieces of 
equipment that are mounted on towers) · 

TK Tank. · · 

Cell names~ A, B, C, D, E~ F, G, H, J, K, L, M, N, Q, R, and U. 

-A,B,C- -. Dissolver cells 
D - Feed accountability and storage tanks 

E - Headerid centrifuge and tankage 
. . 

F - Acid. recovery- and waste concentration and treatment 

,G - Organic- recovery system l· 

H - · Codecontami nation column and backcyc le waste cc:mcentrator E-H4_ 

J - Uranium-plutonium partition columns; neptunium recovery 
(J cell- p~ckage), the·lUC uranium concentrator (E-J8), along 
with associated tankage and the backcycle ·waste tank {TK-Jl), 
feed tank for second plutonium cycle (TK-JS). 

K· - Second uranium cycle; final (2EU} uranium-concentrator 
( E-K4- l) and associated tank age , 

L • Second and third plutonium cycles and associated tankage 

M Equipment decontaminatfon cell and storage, plutonium nitrate 
storage tanks 

N - Plutonium oxide production facility 

Q Neptunium concentrator; resin ·column, and loadout facilities 

R - . Organic recovery system 2 (276-A) 

· U -Recovered .. acid storage tanks; laboratory waste -receivers, and 
·.·. _acid fr act ionator tanks, ( 206-A ). 
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6.1.3.l -instrumentation and Control Rooms. More than 4,500 instruments.· 
in the plant are used to record, control, .indicate, alarm, or perform a .. 
combination of these functions. All variables of importance. to· the proper· 

· · operation of the process, equipment, and supped services are mon ito,red. 
Most of the -remote instrumentation (and -all ·critical measurements~ su'ch as· 
effluent ·discharges and process flows) read .out· in one of si~ control 
rooms: the. headend control room ·(fiCR), the central control room (CCR), 
the Q cell 'control room*, the heating, ventilating, and air conditioning 

· ·control room (HVACR), ·· and the upper and ,lower plutonium oxide production· 
·. - OfacilitY control rooois. In :addition, certain instrumentation for radiation 

.. zone status, "green'.' fuel element monitoring, .arid facility physical _ . 
surveillance systems (door ·alarms) read out in the dispatcher's office.· 

,,. ' , ' r, • . • ' 

. A .general summary descri,ption of_ the process control. instruments ·and 
·monitors is presented in Table 6-2. A listing of the.major process 
control" instruments with alarms or interlocks is given in Section 6.5; 
safety-related instruments are also denoted •. A discussion of the specific 
instruments which are required .for the safe op.eration of ,the.PUREX Plant 

· is gi~en in the PUREX Pro~ess Control Manual.(l) . · · _ · · 
. . . 

6.1.3.2. PUREX Plant Dispatcher's Office. The PUREX dispatcher's office 
_.serves· as the main focal p9int for information transmittal~ communica
tions, ·and operations control. Process sampling requirements :~re relayed 
.via- the dispatcher's office to the samp.ling personnel and the analyti_cal 
laboratory, ·with results being -reported to and documented by the dis
patcher. The following records -are maintained in this office: . plant- · 
material balances (including feed received and stored), fn-process mate;,. 

·.rial balances, quantity of product•in storage-.and shipped, and quantity of 
waste- discarded. · Finally, radiation zone access c·ontro.ls are operated 

.. from the dispatcher I s off ice. Attendant records are- kept for all . per
sonnel ,entering or exiting the controlled radiation zone-s. This control 
is exercised. through el ectricand -key-operated .door locks. Information. 
about radiatiqn· zone status _is obtained from zone radiation instrumenta-

. tion and from periodic surveys by radiation monitoring personnel. 

6. 1.4 SafetY Criteria and Assurance 

6.1.4~1 Nuclear Criticality Safety. The double-contingency principle is_ 
used by Rock we 11 Hanford Operations (Rockwe 11) · in_ those parts of the pl ant 

.. where heavy shielding would_ mitigate the personnel dose resulting from a 
criticality event.(2J .. In the absence of such shielding~ the design and 

.controls require at least three -fsi.ilures or errors to occur before .a 
- criticality accident is possible.l3) · · ·. . · 

-The mechanisms used to· prevent criticality include equipment of geomet-
rically favorable design, nuclear blanks,tt and _administrative control of 

· mass and/or concentration. of plutonium. · 

*Not scheduled for use. 
**Nuclear blank is a means of pre.venting uncontrolled reagent addition · 

ithrough physic·al separation of ;a header from a process vessel by removal of a 
section .of the interconnecting piping. 
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. TABLE 6-~. Summary Description of Process Control Instruments. (Sheet 1 of 3) 

Instrument system. 

Flow measurement and 
control 

WF* level, density, and 
pressure 

Temperature 

Co 1 umn aqueous-organ le 
interface 

A hrms and interlocks 

Hand switches 

Closed loop cooling 
water system 
Soll(ent temperature 
control 

Function · Descr)ptlon 

Process Control Instr1J11ents 

Proce'ss control, 
criticality prevention 

Process contro 1, · 
criticality prevention, 
safety · 

Process control,- safety 

Process control 

Process control, criti
cality prevention, 
safety 

Process control, criti
cality-prevention, , 
safety 
Confine radioactivity 

Safety 

Several types: orifice 
meters, pne11natlc 
rotiWlleters, electronic 
rotirlleters, magnetic flow
meters• thermal _flowmeters 
Purged-dip tubes with· 
pressure transmitters; 

· ultrasonic and capacitance 
probes: 

·Resistance thennometers, 
mercury thennorneters, and 
thennocouples · 
A float (designed to float 
on water and sink In 
organic) with a stainless 
steel annature connected 

.that travels In a magnetic 
·iron core surrounded by 
t,·ansmltter col lsi elec
tric Impulses are sent to 
a controlling lnstr1JDent 
Activated by signal from. 
primary flow, level, tem
perature_. radiation, etc. 
sensors · · 

Manually operated with one 
or more contacts 

Routine saq>llng of primary 
and secondary closed loops 
Temperature controllers and 
water hea~lng systems 

Safety considerations 

Used to maintain flow rates within 
flowsheet requirements· 

Control liquid level and concentra
t Ion of U, Pu, and/or HN03 
In various vessels.· Prevent 
overconcentrat ton of rad I oactl ve 
solutions. Monitor pressure In 
vessels, tube bundles~ etc., and 
leaks of radioactive solutions to 
SIIDpS 

Used to avold·overconcentratlon of 
certain_ proce'ss_ solutions 

Used In all but the.le and 2E 
co11Mllns to control the effluent 
aqueous or organic solutions 
lea11ing the co 11111.n 

Alanns sound when process 
control settings are exceeded; 
lnterloc~s are activated to shut 
down systems when'llmltlng·con~ 
trol settings are approached 
Start or stop systems 

Minimize leakage of radloact.tve 
solutions to the environs 
Keep solvent solution temperature 

. below flash point for those · 
systems where water and solvent 
are not vaporized together 

u, 
C 
I 
:c :;a_ v,· 
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TABLE 6-2. Su11111ary Description of ·Process Control Inst.ruments. (Sheet 2 _of 3), 

Instrument system 

Steam jet control 
system 

Column air.pulser 
system 

Air sparger system 

Air purge system to 
·d 11 ute H2 
Air jet systems 

'Gamma scintillation· 
counters 

Ionization chambers 

Alpha nianltors 

. Funct Ion 

Confine radioactivity 

Maintain column stability 
and efficient operation 

Provide mixing 

To reduce chance of 
H2 explosion. 
Process sall1) ling 

Description 

Automatic air blow and 
associated t lmer that 
actuate when the jet • 

: sw.ltch Is t.umed off 
Pulser rate and pressure 
controls · 

A lrflow measurement and 
control 

A trflow measurement iind 
control . . 
Provide cont.lnuous small
flow delivery of process 
solutions when supplied 
with 90-lb/ln2 air pressure 

Process Control Monitors 

In-line monitoring 
Instruments for process 
control 

Process control. Approx
imate measurements of · 
decontamination of the 
Pu- and/or U-contalnlng 
streams and Intensity 
of gamna radiation near 
selected equipment 
Process control, 
crltlca·llty prevention 

Streilll. sa~llng systan 
Incorporating a sa~1e· 
cell near a sodlun Iodide 
crystal which produces· . 
light sc Int 111 at Ions fran 
gamma radiation 
Ganma radiation from sources 
"seen" by the Instrument 
enters a gas.;.f 11 led cham
ber, causing Ionization 

Ce-activated surface on a 
glass disc. · The process 
stream ts In direct con
tact with the activated 
surface and a photomultl
P 1 ler tube attached to · 
backside of the disc 
receives scintillation 
fran the activated surface 

Safety considerations· 

Prevent radioactive solution back
flow Into a nonraillatio'n zone . . . 

Prevent flooding of 3A-3B columns 
and possible.transfer of organic 
to the T-L6 concentrator 
Keep solutions adequately mixed to 
Improve sampling and keep solids 
from settling to bottom of vessel, 
thus· preventing localized hot spots 
Keep H2 concentrations below 
the l_owerflammablllty limit 
Analytical results are used to 
assure criticality. prevention 

Monitor radionuclide concentrations 
In process and/or effluent stream 

Supplementary measurement of Pu/U 
decontamination used to assure· 
exposure of personne 1 to rad I a-· 
tlon will be. low In product-
handling areas · · 

Monitors alpha content of process 
streams which may Indicate Pu 
reflux, P.u recycle,: or high Pu . 
losses ·to wa·ste streams 

V, 
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TABLE 6-2. Summary Description of Pr9cess Control Instruments. (Sheet 3 of.3) 

Instrument system 

Neutron monitors 

Combustible gas 
analyzer (H2 and 
NH3) 

HN01 conductivity 
monitors 

Photo1_netric monitors 

*Weight factor. 

Funct Ion 

Process control, 
criticality prevention 

Process safety 

Process control, criti
cality safety, and con
trol of HAS, HAW, and 
2AS acidity 

Process control, U and 
nitrite measurement 

Descrlpt Ion 

Detection system consists of 
one or two boron tri
fluoride tubes mounted In 
a paraffin moderator 
Analyzer measures total sam
ple gas combustibility 
with a heated filament. 
NH3 Is separated fran 
H by adsorption on 
sil lea gel i H2 Is meas.ured 
by gas combustion with a 
heated filament 
Electrodeless conductivity 
monitor consists of an 
electrically nonconducting 
pipe upon which two toroi
dal transformers are 
placed: one electrically 
charged and the other a 
receiver. Process solu-
tion containing electro-
lytes flowing.through the 
pipe forms part ir the 
coupling electric circuit 
between the two trans-
formers. The electrical 
output of the receiver 
transformer, after appro-
priate amplification, 
provides an electric 
signal corresponding to 
the solution conductivity 

Safety cons lderat lon_s 

Monitors Pu concentration In 
process streams which may 
Indicate Pu reflux, Pu recycle, 
or high Pu loss to waste streams 
Monitors the concentration of 
combustible gas In an'offgas 
stream '· 

Control HN03 concentration 
In process streams. Prevents 
high Pu losses to HAW and 2AW 
waste streams · 

One photometer Is calibrated Prevent high Pu loss In the 
for measuring U In the 2AW stream 
2DW stream and another Is 
calibrated for measuring 
nitrite In the 2AF stre;n 

V> 
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Th·e choice of_ rriechanism(s) used to prevent criticality ·is based upon . 
an analysis of the worst foreseeable,condcition and the degree of risk·to 
persons and property. . · 

. - Criti.cality preven~io,n_ w_ithin the PUREX Plant employs geometrically• 
favorable· dissolver vessels, plutonium solvent extraction equipment, ·and 
plutonium product vessels •. ·. Elsewhere ,in the process areas, administrative 
control of plutonium concentration and/or mass.is used and depends upon 
~olu.~ion samp·le ~malys-is su~p<?rte~,, in some cases, by con~inuous, monitor
rng- -11Jstrumentat1on. The m1t1gat1ng effect of the 2ZI-Opu isotope and the .. 
poison·ing effect of n.itrate. ion_on the maximum safe concentration or mass 
of, plutonium have been taken into account. -in those systems where the . · 
respective, concentrations are known. The-mechanisms used for. nuclear· . 
C::ritica_l,ity prev~ntion in the various portions of the plant are. itemized 
in.Table:6-3. · · · · 

. 6. 1.4 .• 1.1. _General· Precipitation Safety •. PUREX criticality prevention 
criterfa 'normally limit the plutonium mass to 75%.of the minimum critic.al 
value(orkeff less than_ 0.95) in the worst credible-configuration. This. 
·is the pennitted condition for accidental precipitation jn the PUREX ves
sels._ Specific cases permit slightly higher limits, dependent upon th~ 

_geometries involved. · · · 

.Acid concentration, plutoniumconcentration, and temperature are 
· controlled to-prevent plutonium polymer from.forming. For plutonium . 

solution ccintai nfng greater than 50 g Pu/L, t~e •nitric acid concentration
is held at or above ·1.0M·nitric acid, except when temperatures of 80°C are 
exceeded, th.en minimum acid concentration is 2.SM nitric acid. .For · 

.aqueous plutonium solutions containing Jess than-SO g Pu/L, the acidity, 
temperature,. and:plutonium concentratio~ are maintained at values that 
will prevent the formation and precipitation of plutonium polymer 
(Fig. 6-4). _ The data presented in Figure .6-4 indicate that the conditions 

•present in the .dissolver at the end of a dissolution 11 cut 11 (a HN03 , · 
· concentra.tion of about O. SM· and-. a temperature of about. 106°C) would cause · 

:the formation of •plutonium-polymer. The presence of concentrated· UNH 
(i.e~, dissolver solution) however, permits an exception to Figure 6-4 • 

. A stoichiometric ally neutral solution-of UNH has a low pH and apparently 
provides sufficient hydrogen ion to prevent plutonium polymer formation at 
boiling temperature, .even ·at riitric acid concentrations as low as O.lM or 
0.2M. 

6-1-9 



~~ ... 
Lni~· 

·~•. 
. ~. . (~!-

' . ~ 
· Q,.· 

. -· .,:·~:·, 

S0--HS-SAR-001 
REY 3. 

TABLE 6-3. Typical Nuclear Criticality Safety Mechanismso 

Process area 

Dissolvers 

Centrifuges 

Sol vent extraction . 
tanks 

Coll.111ns HA, lBX~ lBS . 

Second and third· 
p l~tonium eye les, · 
P§ room vessels · 
M and N cell vessels 

'"" Plutonium rework 
t. L 11 to E6 

Canyon sumps, general 

L c e 11 /PR room, N c e 11 

aProduct removal. 

Equipment design 

12-in. fuel charging 
annul us 

Geometrically favor
able slab$, annuli, 
cylinders 

Administrative control 

235u 1.25%, charge.size, 
dissolver cut .size, 

· sequential programmer'; 
mass in aux i 1 iary vessels 

Mass. limit 

Mass limit 

,Nuclear blanks for·precip
itating agents, low 
HN03 concentration alarm 

HN03-HAS, Low-flow alarms 
HAX--IBS; concentration 
limit--ferrous sulfamate 

Concentration limit with 
9r without a soluble 
poi son 

Concentration limit 

Concentration, mass, and 
depth l imtts 

bTank~ TK-~3, .-M4, -M5, and -M6 are used for storing concentrated 
plutonium nitrate solutions. 
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FOR A GIVEN TtMPUATUIIE. l'OLYMU Will NOT 
. FOAM AT.THE.ACID AND l'u CDNC!NTRATIONS 

A•nVE THAT TIM PERA TUii£ CURVE. POLYMER Will 
·ronM AT THAT TEMPl!RATURE FOR TH£ CONCENTIIATIONS 
D£LOW THE CURVE. 

D DI...---L----IZL----3.1----• .1----5'----•'----,i._-_____ ..__ ___ 9..__ __ ~10 

'1.3 

l'u CONCENTIIATIOII tt/U 

·,011 A GIVEN Pu CONCINTIIATION, l'OLYMEII.WILL NOT .. 
. FOAM AT THE ACIO CONCENTIIATIONS ANO UMPEAATUR£S 
AIOV£ THAT Pia CONCENTIIATION CUIIVE. 1'01.YMEA WILL 
FORM AT THOSE CONOITION$ IELOW THE CURVE. . 

IICl'7907-1 IIA 

, .. 1.1 . 

. Q, 

! og 
0 
Iii 

07 

D.3 

l'uCDNC. 

'<I IO_glL 
0 2011/L 
A 3D g/L 
a .a glL 

0 50 glL 

100 110 1%0 

o., L __ _L __ .;..1 ___ .J_ __ .J. ___ J...-. __ .J... __ --:-::----~---::::---
30 40 60 80 70 80 90 

TEMPERA TUP! l'CI 

130 

RCP7907•120A 

FIGURE 6-4. Plutonium Polymerization at Var!Qus Plutonium 
and Acid Concentrations and Temperatures.l ' J 
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6.l.4.l.2 Independent Vessel Limits. In general, introduction of a 
specified maximun quantity of plutonium is s'afe within that vessel. How
ever, lower operating limits may be imposed .for specific· vessels during 
routine operation to assure safety within downstream vessels. Typical 
process vessels and limits .are given in Table 6-4Q · 

. The dissolvers are large, annu-lar vessels designed to be geometrically . 
. favorable for fuels below about 1% 235u, preirradiation basis.l6) . 
Higher enrichment fuel, such as 95-125 "spike" fuel may. be charged,-but 
more restrictive mass limits are imposed. . .. 

The limits•. shown in Table 6-4 for. the s·olution storage,,.and feed tanks· 
(TK-D3, -04·, -D5, -E6, and -Hl )· are based on precipitation of plutonium 

. containing 3 wt% of the 240pu isotope within.the tanks. Accidentally 
reaching the specified limit i11.one.of. the .tanks during the processing of 
spent fuels containing higher weight percentage of (e.g., 9 wt%) 240pu 
would not,reflect a significant increase in the risk of a criticality 
accident. It would, howeverll constitute a violation of the criticality · 
prevention specification, unless prior.approval for a higher limit based 
on the higher weight percentage 240pu were obtained (see Table 6-4). 

In the .J cell area~ the second plutonium cycle feed tank (TK-J5.) has 
··· .an annular shape which cou.ld .permit a concentration of 40 g· Pu/L •. How

ever, this'tank is restricted to 6 g .Pu/L because it is located over the 
SJ sump. A higher plutonium limit value cannot be used, because of the 

. possibility of solution leaking undetected into t.he sump below. The 
· SJ sump is not of a favorable geometric. design • 

. Limits fof the large concentrators are also establish~d on the inde
pendent vessel basis •. The old style concentrators, such as E-H4, -J8, and· 
-K4, have flat-bottom,. vertical cy•l inders in• the tube bundle and draft tube 

: sections; whereas the new style concentrator, E-F6, has a sloping t.ube 
· bundle bottom area· with resultant lower mass, limitso This is because any 
precipitate would not sett le upon the floor of the tube bundles and draft 
tube, but wou.ld tend to concentrate .on the bottom of the .central draft 
tube. Th~ limit 6f each concentrator is dependent upon the design or· 
function> (E-Fll) of the. concentrator. 

o . · The vessels ·and. arrangement of the second and. third plutonium system. 
and the p lutori ium oxide ,pr,oduction facility are geometrically f aitorab le in 

.de~ign for foreseeable plutonium c9~ce~tration and r~flection conditions. 

6. l .4~ 1.3 Radioactive Materials Confinement: Source t'erms. for 
.process vessels and equipment are given in Tables 6-5. through 6-8. 
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TABLE 6...;4. . PUREX, Process Vessels. andTyp ical Limits. ( Sheet· l of 2) . 

Vessel 

TK-A~, -B3·, -C3 

TK-A3-4, -B3-4, 
-C3-4 . 

' TK-Dl .· · •.•. . . 
TK:..02, .::El,. ·-E3 

-ES,· -:G-E2, -E4 
. TK-E3-2 

TK-D3, "'!04 
· TK-05, -E6 

· TK-F3,. T-F5. 
'TK-F4 
T-F6 
TK-F7 · 
TK-FS, ..:Fl3 
TK-Fl0 
E-Fll, TK-F-12 

TK-Fl5, -16 
TK-Fl7 
,TK-Fl8 
TK-F26 
G-Cell vessels 
TK-Hl 
T-H2. 
E-H4 
TK-Jl 

. TK-.J3 · . 
, T-J4 

T-J6 
T-J7 
E-JS 

.. TK-Kl · 
T-K2 
T-K3 . 
E-K4 
TK-K5, -K6 

TK-J5 
T-Ll, -L2, -L4, -LS 

-L6, -L7, TK-L3, 
-LB 

. TK-Ml, -M2 

. Function 

Dissolver . 

NH
3 

-scrubber 

Metathes-i s recyc 1 e 
Cla.dding ·waste handling 

NH3 scrubb.er 

Metal solution storage 
·Accountability,. feed 

makeup · 
Acid receiver; absorber 
Vessel ve~t-condensat~ 
lWW concentrator 
lWF . pump tank 
Waste digest/rework 

_·. 3WF pump tank · 
_NH3 waste evaporati'on 

·· Waste treatment 
·. Tube bundle flush 

Sump·waste receiver 
1 WW. receiver· 
Organic treatment 
HAF pump tank 

HA column 
· 3WB concentrator 

3WB receiver 
lBXF pump tank 
18S: column · 
lBX column 
lC ·co.lumn 
ICU concentrator 
2DF pump tank 

· 20 column 
2E column 
2EU concentrator 
2UC receiver, sampler 

tank 
2AF pump tank 
2nd and 3rd plutonium 

decontamination 
cycles 

· Decontamination, 
uti 1 ity 

6-23 

. Typical plutoniuma .. 
li~it per vessel 

' . . 

12,000 lb U.("sp1ke" f~el) 
11,700 g (in solution) 
. 500 g 

,500 g 
500 ·g ,. 

500 g 

·. 16,500 g 
12,400 g 

5oo·g 
500 g 

·1 ,200 g 
. 12,400 g 
• 12·;400 g 

.. -15,000 g 
500 g 

·. 500 g. 
_500 g 
500 g. 

12,400 g . . . 
·· · 500 g/vesse l 

. 12,400 g 

950 g-or 6 g/Lb 
6,870 g 

12,400 g 
12,400 g 

1,200 g, 6 g/L 
·l,320 g, 6 g/L 
· 1,450 g 
7,lO0g 

12,400 g 
870 g 

1,450 g 
-7, 100 g 
12,400 g 

·6 g/L 
450 g/L (geometrically 

favorable design) 

500 g 
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TABLE 6-4. PUREX Process Vessels and Typical Limits. (Sheet 2 of 2)-

Vessel 

TK-L9, -M3, -M4, . 
-M5, ·-M6 
N Cell vessels 

(TK-N3, -N4, ~N5, 
-N6, -N7, F-N8) 

CA-N9,. -NlO 
blender 

TK-L ll 
R Cell vessels 

Function 

Product sampling, 

. Pu02 product ion 

Pu02 p·roduction 

Typical plutoniuma 
limit per vessel · 

450 g/l (geometrically 
favorable design)· 

45.0 g/L ( g_eometrically 
favorable design) 

450 g/L (1 in. of cake , 
on drum) 
·40 kg 

.450 g/L 

·, Its 
·--C~~ . 

U Cell vessels 

· Puo
2 

powder, blending 

Waste recycle 
Solvent treatment 
Acid fractioner~ lab 

·waste -

_ 500 g/vesse 1 
500 g/vessel 

. ~,-~ 
'.: e.:, ... ..jj 
'N'-n 

. .,,,1ir,,,i, 
. ~1'-\t:' 

-~---

TK-Pl~ -P2,--P3, ·· 
-P4 

· TK-PS, -P6 
· UN transport 

trailer 
~ TK-Pl3, --Pl 4, -Pl5 

Canyon sumps · 

· PR room sumps • · 

N cell . sumps 

J.I~·-. SG,: SR, SMA, ·_. SfvJB, 
SMC, hot shop --

Miscellaneous· 

Samples: 

UN.star-age 

Waste sampling, rework 
UN transport . 

HNO · storage • · · 
te1f drainage·collec-

tion and L Cell 
•··· PR· room/vessel leakage· 

and spill coll~ction 
-• Pu conversion,_ glovebox ·' 

sumps 
Liquid collection . 

.' Transfer: t~ laboratory 

Waste material_ · Scrap 
. _ barrels ... 
BuriaL boxes·. Equipment pieces 

• HEPAc filt~r burial. . PR Room exhaust -filter. 
. box · .. di_sposa l. - . 

12,400 g 

500 9· 
500-g 

500 g 
6 g/L (plus dept limit)· 

450 g/l (plus depth~and _ 
mass 1 imit) 

450 g/L (plus depth:and. 
· mass limit) 
500 g_ 

200 ·g (volume or 
concentration) 

250 g 

350 g/piec~ (l,000-g 
total) 

. 200 g 

aaased on a 240pu content o~ 3 wt%.: The limits may be increased, 
- . -.-· with appropriate approval, for fuel with greater than 3 wt% 240Pu. For 

example, for fuel with 12% 240Pu .content, the limits, with prior 
approval, for dissolvers.TK-03/-04, -_05, -£6, ·-Hl,-and -Flo are i11creased 
to. 14.2, 27, 20, and 18.2 kg, respectively. 

_ bL-fmit may be exceeded with nuclear blanks ;·n place to prevent t_he 
·_ addition of precipitating agents. · · · 

_ cHigh· efficiency particulate air •. 

6-24.· ,. 
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TABLE 6-5. Fission Product Activity pf Fuels to be Processed (~uries per short ton). 
: 

240Pu ·content 121 91 . . . 6,C .. · . 
: : ·•. 

Fuel Mark IV Mark IA Mark IV _ Mark lA Mark IV Mark IA 

235u enrlch~ent 0;947,c . 1.251-0.947% 0.9471 1.251-0.9471. 0.9471 .. · L 251-0 .94 71 
. . 

Exposure:. MWd/t 2,500 3,000. 1,670 2,030 1,000 _ ,. 1,000 , 1,otio 

Coo 1 ing t lme 5 yr .180 d 5 yr 180 d · - 5 yr · 5 yr 5 yr. 180 d. 5. yr 18_0.d .. 
147Pin 9.2 X 103 3.0 X 104 1.:1 X 104 3.7 X 104 4.fi X 103 . 7.0 X 103 4.1 X 103 -· 4 

1.3x.10 4. 1 X ·103 1.4 X 104 . 

137c5a 8.7 X 103 9.6 X 103 1.() X 104 · 1.2 X 104 5.0 X 103· 6.2 X 103 3:5 X 103 3.8 X 103 
. :_, 3 ' 

3.4 X .10 · 3.8 X 103 

905ra 7 .7 X 103 8.6 ~ 103 9.2 x 103 1.0 x· 104 4 .2 X 103 5.7 X 103 3.3 X 103 3.7 X 103 3.3 X · 103 · 3.7 X 103 
_. 

: 144cea 2.9 X 103 1.6 X 105 3.6 X 103 1.9 X 105 1.6, X 103 - 2.3 X 103 1.4 X 103 7.5-X 104 1.4 X 103 7,.6 X 104 

106Rua 1.3 X 103 2.9 X 104 1.6 X 103. 3.5-x 104 8~5 X 102 8.0 X 102 3.7 X 102 8.2 X ·10.3 .3.5 X 102 7; 7 X 103 

85Kr 7.8 ic 102 1. 1 X 103 9.3 X 102 1.3 X 103 . 4.7 .X 102 5.8 X 102 3.4 X 102 . 2 
. 4.5' X 10 

-. 2 
3.4 X 10 4.5 X 102 

134cs 3.1 X 102 1.4 X 103 3.7 X 102 1.7 X 1~3 : ' 2 
3.7 X 10 . 1.4xlo2 4.6 X 101 2.1 X 102 5.6 X iol 1.6 X 102 

125Sb 2.0 X 102 . 6.4 X 102 2.5 X 102 . 7.7 JC 102 . l.8 X 102 1.3 X 102 6;8 X 101 2.1 X 102 6.f X 101 2.0 X 102 

' 
3H 1.9 X 101 2.5 X 101 2.3 X 101 3.0 X 101 ·1. 7 X 10 l 2.lic101 . 

,. 

'b b b b 

1291 2.3 X 10-3 2.3 X 10-3 2.8 JC 10-3 2.8 X 10-3 1.4 l( 10-3 1;6 X 10-3 
C :. c···. c· .C 

95zr - 2.8 X 10-3 1.0 X 105 3.4 X 10-] 1.2 X 105 1.2 x 10.;3 2.6 X 10-l Jj X 10-3 6.7 X 104 2.0 X 10.:.3 .· . 4 
7 .1 .X 10 

95Nb 6. 1 X 10-3 2.0 X 105 7.3 X 10-3 2.3 X 105 1.2 JC 10-3 2,6 X 10-3 4.0 x 10-3 1·.2 x 105 4.3 X ·10-] 1.3 x 105 

9ly ' 
104 8,6 it 104 5.2 x 104 5_,6 X 104 . C 7 ,2 X . ,c C C C c:. 

89Sr c 4,6 X 104 C 5.3. X 104 C C C r 3.4 X 104 
C 3.7 x 104 · 

103Rua C 2.1 X 104 
C 2,6 X 104 

C 

_. 

C C 1,4 X 103 
C 1.5 ~ 104 

14lc~ C 1,6 X 104 
C 1 ;8 X 104 .c ·' C C 1.3· X 103 

C · 1.4 X 104 

· 127m 
Te 2,7 X 10-2 9,5 X 102 3,3 X 10-2 1.1 X 103 1.0 X 10~2 ·2 

2.0 x 10- . 1.2 x 10-2 :- . . 2 
4.1 x:10 1.2 x 1~~2 4.1 ~ 1'o2 

m . . 2 : 

129 Tea C 6,5 x. 10 C . 7 .8 X 102 
C ,C C 4,5 X .102 

C 4.8xlo2 · 

aDaughters of these·ts8topes are also present at the same activity level •. Example: 
·_ the same curie content as 9 Sr. · -b . . . - - . 

Not available; will be less than 91 or 121 cases, 

90sr has a daughter (90v) which Is present .In the fuel 'at 

·. cLes~- than l_x lti~3.-. 

. . 
'~ 

V, 
ti -, . 
:c: 

::0 V, 
IT1 I . 
<VJ 

J::o . w ::o· 
- I' 
0 

.0 
I-' 
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TABLE 6-6. Fission Product Activity in Tan~s TK-03. TK-04~ and TK-05 (curies per gallon). 
O • • ..--•• •-•••-h • - • •-- • • V, f •• ,. 

., 
240Pu cimtent 12:C 9ll fill 

--
Fuel Mark IV Hai-k IA Hark IV Hark IA Hai-k IV Mar-k IA 

235u eor ichment 0,94711 l,2!ill - 0.94711 0,94711 l.25ll - 0.947ll 0.947ll 1.25ll - 0.947ll . 
Exposure ~lld/ton; ~II/ton 2,435; 11 2,903; 11 1,670 2,030 1,000; 10 

Coo ling t lme,, 5 yr 180, d 5 yr 180 d _5 yr 5 yr 180 d 180 d 
, 

147Pm 15.9 51.1 19 62 7.8 12 22 23 

137 Csa 14.8 16.3 16 ·20 8.5, ·10.5 6.5 6.3 

905ra 13, l 14.7 16· : 16 1 :1 9.7 6.3 5.9 

144cea Ii. i 272 6.1 ~23 2.7 J.9 , 128 129 

I06Rua 2.2 ' 50 2.7 60 1.4 1.4 14 13 

8!iKrb --- -.-- --- --- --- ---, CJ) 

fu 
0\ 

134cs 0.5· 2.4 , . 0,6 2.8 0.6 0.2 0.4 0.3 
.. ·{! 

125Sb 
' 0.3 I.I 0.5 1.3 0.J 0.2 0.4 O.l. 

\ 

3H 0.003 0,004 0.005 0.006 0.003 0.003 --- ---
1291 3.5 X 10·6 3.5 X 10-6 4.5 ii 10·6 4;4 X )O~fi 2 ~ I0-6 2 JC 10·6 , ' --- --- -;,.-

•. 

95zr 5,8 X 10·6 170 5.7 X io-6 204 2 X 10•li 4 X 10~6 114 70 

9511b 1.0 X I0-5 340 1.2 X 10·5 ~91 2 X 10-fi 4 X 10·6 357 221 

9ly 122 1R 88 94 

89Sr 78 90 58 63 

103Ri,a ' 
36 44 2.4 25 

141ce 27 31 2.2 2<11 

127Te 4.5 X io-5 1.6 5._7 X 10•5 1.8 1.7 X IO-!i 3.4 JC l0~5 o.7 0.7 

12!1Tea . 1.1' 1.4 o.o 0.9 
a go ,90 
Daughters of these Isotopes are also present at the same activity level. Example: 

fuel dl the same curie content as 90sr. , 
Sr has a daughter Y) which ls present In the 

hNo 85Kr expect_ed, as it leaves process in OOG, 
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TABLE 6-7. Fission ProductAct1v1ty· 1n Tanks TK-F26, TK.;f15, TK-F16, and TK-F6 
__ (curies per gallonr. 

. , -~ •. ,. \" .,. . ~ . . . 
240Pu content 12i 9" 6% 

.· 

Fuel · Mark IV . Hark IA Mark IV Hark IA Mark. IV Mark IA 

215u en~tchment 0,9411 1.25,C.;. 0.947,C 0.947" 1.25" - 0.947,C 0,947" I. 25,c - o·. qa1" ... 

Exposure MWd/ton; ~M/ton 2,435; 11 2,903; 11 1,670 2,030 1,000; 10 

Cooling time 5 yr 180 d 5 yr 180 d 5 yr -.5 yr 180 d 180 d 

147Pm 47 14'1 45. 102 . 23 · 35 65 69 

l37csa . 43 48 40 60 25 31 19 19 

905ra 39 44 36 48 21 28 '19 18 

144cea - 18 800 IR 944 7.9 11 375 37.7 

106Rua 6.4 155 6, 1 · 175 4, I 4, I 44 38 

85Krb --- --- --- --- --- --- --- ---
134cs 1.5 5,9 1.3 8,2 1.8 0,6 0.9 ·0,8 

125sb 0,9 3.2 1. 1 3.7 0.9 0,6 1.1 1.0 

3H 0,09 0.12 0.12 0.15 0.009 0,009 _.;._ ---
1291 9 x 10-6 9 I( 10-6 1 x·· 10-5 1.4 x ·10-S 5 JC 10-6 5 X 10-6 --- ---
95zr 1 X 10-5 51J 1 X 10-5 600 5 X 10-6 1 X 10-5 · 344 355 

95Nb l X 10-5 . 1 ~ 10-l 6 11 10-6 1.1 ,c 103 5 ,c 10-6 . 1 11 10-5 600 646 

91y · 356 430 257 280 

8_9sr 230 265 170 185 

103R·ua 105 129 · 7.0 74 

141ce 79 90 6.4 70 

127Te l x 10-4 4.8 1 X 10-4 5,5 . 5 X io-5 1 ,c 10-4 2,1 2 ,I 

1291ea J.2 4,0 2,2 2;4 

· aoaughters of these Isotopes are a.lso present at the same activity level, · EJCample: 90sr has a daughter (90y) 
which 1s present In the fuel at the same curie content as 90sr •. , . ·. 

hNo 85r.·r eJCpC!cted, · as It leaves process In DOG. · · 

V, 
C 
I 
:c ,av, 

. ITI t 
~~ 
W.:;IJ I . 

8 ..... 
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TABLE 6-8. PUREX Plant Vessel Schedule--Plutonium. 
Inventory. (Sheet 1 of 3) · · 

Vessel Function · 

TK-A3, -B3, -C3 . Dissolver 

TK-A3, -B3, -C3-4 · _ NH3 scrub waste .· 

·. TK-01 Dissolver rtnse 
. TK-02 . Coating waste 
·.rK-03,. -04 Metal solution 
.TK-05 Metal solution 
TK..:El Centrifuge product 
G-E2" Coating waste centrifuge 
TK-E3 · -·- Centrifuge feed 

. · TK-E3-2 NH3 scrub waste _ 

G-E4 Coating waste centrifuge 
TK-E5 Centrifuge.waste 
TK-E6. HAF makeup 

• TK-F3 · AAA 
·T-F5 · Acid absorber 

E-F6 lWW concentrator 
TK-F7 · lWF . . 

•·· TK-F8 . Waste rework · 
·_. TK-FlO .3WF decanter 
.E-Fll Concentrator (NH3 strub 

waste).· 
TK-F12. E-Fll Feed 

· TK-Fl3_ Rework storage_ · 

TK-Fl4 Utility'.-
TK-Fl 5 lWW denitration 
TK-F16 lWW .denitration. 

.. TK-Fl 7 Tube b_undle flush 
. ·. TK-Fl8. Utility 'waste 
.'TK-F26 -lWW· receiver. 

· .. TK-Gl . 
·_T-G2 . · 
. TK-G2 

TK-G5 · 
. TK-G7 -
. TK-G8 

TK-Hl ' 
. T;.H2 
. E-H4 

.lOF 
lO column · 
10S. . 

100-
,· Turbomi xer 

lOW 
HAF . 
HA column 
3WB.concentrator· 

. 6-28 

Nominal plutoniw,n 
inventory (g) 

11,000 (in solution, 
20,500 per charge 
of fuel containing 
12% 240pu) -
<500 (norie)· 

<500 · 
<500 

<16,000 (per vessel) 
<-12,400 

- 200 
<500 
< 500 
<500 

<500 
<500 

-12,400 
· <500 

<500. 
. · <500 ( 20 · to 100) 

. l to 75 
-1,·000 . 
- 300 

<500. 

500 
Solvent (near zero• 

rework 1 , 000) 

<500. 
. <500 
. <500 

o ta 2,000 
< 500 .( approaches 1,000 

on rework) 
<500 
<500 

·_<500 
. <500 

<500 
< 500 

-12,400 
-:- 600 

~ 2·,000 

I 
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.· ,vessel 

TK-Jl 
TK-J3 .' 
TK-J5 · 
T-J6 
T-J7 

·E-.J8 
· T-J4 
TK-Kl 
T-K2 
T-K3 
. T-K4 
TK-K5 

. TK-K6 
T-Ll 
T-L2 
TK-L3 
T-L4 
T-L5 
T-L6 
E~L7-l 
.TK-L8 
TK-L9 
TK-L 11. 
TK-Ll3-10 
TK-Ml 

.·TK-M2 
TK-Rl ·. ·. 
T-R2 

. TK-R2. 
TK-R5 
TK-R7 
TK-R8 
TK-Ul 

· TK-U2 
TK_.U3 

·. TK-U4 
TK-U5 
T-U6 
TK-U8 
T-XA 
T-XB 
TK-XC 
TK-XD 

SD-HS-SAR-001 
REV 3· 
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· TABLE 6-8. PUREX 'Plant ·vessel Schedule--Plutonium 
· ·Inventory. ( Sheet 2 of 3) 

Function · 

3WB 
lBXF 
2AF. 
lBX column · 
lC column . 
lCU concentrator 
l BS column 
2DF 

. 20 column 
2E column 
2EU concentrator 

. 2uc· receiver 
LINH.product 
2A column 
2B column 
3AF. 

· 3A column 
38 · co·l umn . 
Product·· stripper 
Product concentrator 
Product receiv~r 
Pu product .sampler· 
Pu recycle 
Pu 

20F 
20 tolurnn 
20S 
Uti 1 ity 
200 
20W 
Recovered acid 
Recovered acid 
Laboratory waste 
Laboratory waste 
Fraction~tor feed 

·Fractionator 
Condensate receiver 
Acid absorber 
Acid absorber 
Ac id absorber 
Acid receiver 

. 6-29 

Nominal plu.tonium 
inventory Hi)* · 

-150 to 200 
-1, 600 

- 750 to 1,000 
-800 to l ,000 
.<l 0 
<10 

-100 
,<10 
<10 
<10 

.<lO 
<10 
<10 
·300 to 500 

.. · 300 to 500 
1,800 ·.to 2'~000 
1 , 000 to 2 , 000 · 

·. 2,000' to 3.,000 · 
· 5,000 to 7,000 · 

15,000 
·15,000 

-15,000 
100 to 2,000 

5,000 
-0 

. - 0 
<500 
.<500 
<500 
<500 
<500 
<500 

. ' -0 
-o 

<500 
,c 500 

- 0 
~O 
.. 0 
.. 0 
~ 0 
- 0 
.• 0 



SA 
sa 
SC. 
SD 
SE 

·SFA. 
'~. •· SFB· 

SG 
"' -~ .. · 

SH. 
SJ· 
SJ-2 
SK 

,_~ SLB 
·• ·· SLD 
.,., SLE 

SLF 
SLK 
SLL 
SM 
SR 
SUA ,, ,1:·, 

,, SUB 
'ii 

Vessel 

SD-HS-SAR-001 . 
REV :.3 . 

' 
. TABLE 6-8. PUREX Plant Ve~sel Schedule--Plutonium 

Inventory. · {Sheet 3 of 3) . 

·. Function 

A eel l . · 
'B cen·· 

.·c cell 
D,.cell: 

. E. .. cell 
F cell 
F eel l 
G eel 1 · 
T-H2 
J cell 

Sumps 

J cell package 
K cell 
'rK-:Ll3 

. TK-L l1 
. · TK-L9. 

TK-l 10 · ·. 
TK-K6~ T .;,L l . 
T-12 package 

· M cell · 
R cell. 
U cell. · 
U cell 

Nominal plutonium 
inventory (g)* 

See appropri ateo:;vesse 0l s .. 

, See appropriate vessels 

0 
0 
0 
0 

' * . 
'··. Ass·uming the vessel is filled to 90% ·capacity with solution con-

taining 12% 2ll-0pu •. · · · 
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. _, Confinement of raqioact.ive mat.erials in:prcicess -is accomplished 
_through ventilation airflow barr,ers and structural barriers: Static 

· ·pressures within building zones are controlled .. with. respect to a common· 
atmospheric pressure reference point to assure airflow from clean areas-

. toward areas of increasing contamination or potentia,- for contamination. 
Z_one IV service.areas,* which have a very low potential for airborne cori
taini nation, are maintained at a slightly positive pressure. P,otenti ally 
contaminated _zones are maintained at a slightly negative pressure. Radia
tion·zones·requiring personnel access .are maintained at an intermediate 
negative pressure and the canyon cells are maintained at a slightly more 
negative pressure. Backflow is·. prevented ·by•controlled air velocity at· 

_ zone interfaces. The air from potentially contaminated and contaminated 
.··,zones· is filtered prior to release to- remove radioactive particulates •. ·· 
· Radioioa:ine is removed by reaction with si.lver nitrate and.absorption in 

dilute nitric acid. 

The PUREX design and operating practices include measures .to preclude 
backflow of ·process .solution under expected conditions to areas occupted . 
by .personnel. For ex amp le, the continuously air-purged tnstr-ument lines _ 
:to process vessels present a potential contamination risk to a control · 
.room. However, for contamination to reach a control room, the process 

· .. vessel would have- to. be pressurized, the air purge· would have to be shut 
off; and a leak would have: to ,exist in the instrument line. The likeli-· 

· hood of alf these situations occurring simultaneously .is low •. In addition, 
valves at or near entry of lines to the· canyo.n are closed prior to conduct
.i ng maintenance on ·associated equipment, which requires the system to be 

. opened • · · - , · ·· ·-

.. With the e~ceptions of the purified product -solutions, ·relatively 
clean solvent from the second organic system and recovered acid, process 

·: solutions. are confined within vessels -1ocated in-cells belowgrade in a 
• heavily shielded canyon. Cell pel')etrations for services are high on the 
cell walls, creating a hydraulic: barrier between the canyon vessels and 
th.ose areas occupied by personnel. In addition, all chemical addition 
lines from the personnel-occupied areas are equipped with "sea1 pots. 11** 

Finalli, radiation ~one access contrbls are in place for radiation 
zone.s with a potential for high personnel exposure. These controls 
consist of electric- or key-loc~ed doors requiring formal authorization 
prior to entry. Some of these areas requiring routine access are elec
trically controlled from the dispatcher's office. _Access doors to other: 
potential high-:radiation-field .areas of nonroutine acce·ss are. manually 
locked and. the keys are controlled by supervision. 

*see Section 4.3.2.2 for description of ventilation zones. 
**"Seal pots" are small vessels with separate inlet and.outlet lines 

arranged so that a permanent liquid seal is maintained over the inlet line. 
The pots are not vented back to the process cell, so a pressurization or 
11 blowback 11 could force radioactive contamination into the piping-in the 

.personnel~occupiea area. 

6-31. 
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6.1.4.2 Chemical Safety. A sunrnary of PUREX Plant materials with the 
potential for releasing significant quantities of energy is presented in 
Table 6-9 •. Safety aspects and methods adopted to assure safe operation 
are also included in Table 6-9. Hazardous properties of the materials are 
discussed in Chapter 5.0. The usage of these materials is discussed in 
subsequent sections of this chapter where appropriate to individual pro
cess steps • 

. . 6.2 PROCESS CHEMISTRY· ANO' .PHYSICAL. CHEMISTRY PRINCIPLES 

6.2.1 Zirflex' Process-'Chemistry ... 

~
1 Key chemical reactions in the Zirflex process are summarized in _ . 

-~, Table 6-10. The Zirflex process is a process develpped especially for the 
i;. decladding of Zircaloy-clad fuel elements and includes dissolution of Zir-

. 2:;,. caloy cladding, centrifugation ~f the decladding solution, and metathesis · 
N of uranium-plutonium fluorides. ·The Zirflex process employs a boiling 
!:!;·· · solution of AFAN to dissolve Zircaloy c.ladding (about 98 wt% .zirconium and : 
~· ,,, about_ 1.5 wt% tin alloy) by the reaction given in Equation 1 of Table 6-10. _ 
...... · .. Also, as indicated in· this equation, amnonia and hydrogen gases are given 

I: : .·· 

.. off during the decladding operation.- The ammonia must b.e removed from the 
.solution to prevent a decrease in the dissolution rate and in t'he solubility 
of ammonium hexafluozirconate [(NH4)2ZrF6]- Excess ammonia in the solution 

.combines with water to-·form·anmonium hydroxide~ raising the solution pH and 
lowering the boiling temperature; both consequences .adversely affect the 
reaction fate for Equation 1, Table 6-10. Further, exceeding the 

., solubility. limit of ammonium h~xafluozirconate result"s in precipitates 
forming at the reacting surfaces which protect the Zircaloy metal from 

- .:.::·attack.• During the decladding step, ammonia is removed by steam sparging 
· and routing the condensate from the dissolver downdraft condenser .to the -· · 

ammonia scrubber catch tank. 

The hydrogen .formed in -the reactio·n plus that formed by the radio- -
_ lysi s of water reacts with the nitrate ion in the AFAN as shown· in Equa
tion 2, Table 6-10. The reaction, in _practice~-- goes· to about 94% comple
tion~ 9iving the apparent overall AFAN-zi~coniu~ reaction shown in Equa
tion 3, Table_ 6-10. During bbiling and coolfng·periods, the dissolver air 

. bleed is operated· to dilute the dissolver:atmosphere to prevent ac_cumula- · 
- ._ t ion of a potentially _exp las i ve mixtl/re-- containing_ greater than 6 vo 1% 
· hydrogen. The dissolver offgas is continuously monitored for ammonia and 

hydrogen concentrations. · · 
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Chemic a 1 

NPH 

Solvent aerosols 

Solvent nitration 
products 

Sugar 

Hydrazine 

Potasslun 
permanganate 

· Rece ve 
55-gal drums. 

TABLE 6-9. Pot~ntial Haz~rdoui Energy Souri~s. · 

Origin. 

Oecladcllng operation 

Radiolysis.of water 

becladdtng operation 

Essential material 
contained In plant 
. soi vent · 

L lne leak 

Solvent-nitrate 
react ions· 

Essential material 

Essential material · 

Essential.material 

Essential material 

Poten_tlal hazard 

Explosion 

Exp los Ion . 

Explosion, fire 

Azlde formation In 
s 11 ver reactor 
Combustion 

Combustion 

Explosion 

V lgorous react Ion . 
with nitric acid 

Combustion 

Comb·ust Ion, exp,lo
slon and contamin
ants caus Ing de
c.ompos It I on 

Exp los Ion · 

Precautions 

Use of NOj to suppress fonnatlon . 

Otlutton wltti'air or water vapor 

OHut Ion with air or water vapor 

Water scrubbing to r·emove NH from 
offgas and control of temper~ture 

. . 
L lmlt vess_el temperatures 

Turn off flow when leak detected · 
In pressurized system · 
Separate aqueous from organic ·prior 
to concentration · . . 

Steam· d I st t 11 solvent from concen-
trator feed · · 

L lmlt. ·maxtmun concentrator tempera
tures by ·11mlttng the ,steilll 
pressure. 
. - . . -

Sl!gar Is added at a controlled rate 
only to thermally. hot solut Ions 

Received as a 35 wtX aqueous· 
· solution which ts nonflammable 

Stored away from oxidants and 
heat sources 
Rece.1 ved . as -c 50 wtl aqueous· 
solution; sourc.es of lg11ltlon. 
eliminated; design, volume control 

Concentration of aqueous so lut tons · 
ts avoided and combustible .•. 
matert.als containing spl lled H2o2 are rinsed prior to disposal. · 
Solids stored under.controlled 
conditions 
U_sed In process as dilute solution 

ots.and.store -AA storage ac 

Limiting conditions 

The lower flalllllabllity limit of 
H2 in dry air .. ts 4.1 vol% H

2 

., . . .. 
Alllllonla-water-alr· mixtures. are 
flarmiable In the range of 15 to 
30 vol% 

Effluent gas tempera.ture ma I nta lned 
· at 30°c · · · · 

Flash point -of NPH ls 80°C and for 
TBP. Is 146°C 

F laninable NPH ·concentrat Ion Is 
46.mg/L 
A reactlo~ rif explosive violence 
has only been observed under con
ditions of Incipient calcination 
of UNH (I.e., 135°C) · 

Mlnlmun·temperature required-to 
·assure a vlgoro_us, spontaneous 
reaction Is B5°C 
Aqueous solutions containing -
' 40 wtX hydrazine are nonflam-· 
mable under any conditions. 

Contact of .flanmable materials with 
_aqueous solutions containing · · 
·>52 wtl H202 greatly enhances 
combust Ion potent lal , · · . · 

Contact .of ·solids with reductants 
and combustible materials ts 
avoided · 
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TABLE 6-10. .Chemical Reactions--Cladding RemovaJ. 

Operation . Rea.ctfon 

Dec lad ( l) Zr ( 5 ) + 6NHl ( 1) -+-

. (NH4)2ZrF6( l) + 4NHJ(g) + 2H 2{g)_+ 

. . . 

(2) N·H~NOJ( l) . + 4H2 ( g).-+-. 

. 2NHJ(g) + 3H2o(l·) 

( 3)_, Zr( s) + 6NHl ( l) + 0.47NH4N_0 3(1)-+-
. ·' 

(NH4) lrF fi( 1 )· + 4 .94NHJ( g) 
. . . 

+.0.12Hl(g)·+ 1.41H20(l) · 

Metathesis (4) Ufii(s) + 4K0H(l) · -+· 

U0 2°2H o2 {s) + 4KF(l) 

(5) Puf 4( s) + 4 KOH( l) :+ 

Puo2.2H20(s) + 4KF(l). 

Comments 
!'·( , . 

Exothennic·rate of reaction diminished 
by stable oxide lqm 0~ zirconium. 
Rate·of. reaction decreased if NH3 
not removed due to formation of 
NH40~ 9 • hence increased , pH t : and 
prec1p1tation of (N.H4)2Zrf6 or 
(NH4)2Zrf7 complexes at reac
tion surfaces · · · · ·· '. ·. · 

Nitra~e suppress_,on of H2 evolved in. 
reactrnn (1),· · ·· · .·: 

Apparent overall AFAN-Zr reaction 
,,< ;, ._; 

Full water flush required to remove 
water~soluble fluorides; 4-h digest 
at boiling require~ for metathesis 

r . 
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A relatively inert oxide-coating on the Zircaloy is formed during · 
reactor irradiation. Therefore, the decladding r'eaction is initiated by a 
pitting attack •. Where this pitting occurs, uranium metal is exposed to• 
AFAN for extended periods of time which allows· a reaction with ammonium 

.' fluoride •. · High• fluoride concentrations produce sma,11 quantities of'uranium 
· · tetrafluoride (UF 4) and a ,more highly soluble hexavalent uraniu111 ·compound' , 

·(U02F2).·· Problems associated with high fluoride concentra,tions · are dimiri- .. 
,ished by water dilution of the solution to a maximum dissolver volume at. 
the'end .of-the 6-:h digestion period.· The solution is then coole,d to.:a· .. 

. practical_.minimum settling ·temperature of 60°C. Even these meas·ures will 

. not ertti rely prevent- about a O. 1% uranium loss to the. dee l add ii1g· waste. 
··· ~imi larly, some plutonium (PuF4) is lost to decladding waste jn this ·• · 

· process, though tlTe actual quantity is several ,orders of magnitude less · 
than the.quantity of uranium. , 

Following the decladding waste transfer, the uranium and plutonium 
fl.uoride precipitates left . in the dissolver are converted to hydrated 

·dioxides, which are soluble 'in nitric·acid, to permit.product -recovery and 
to reduce fluoride corrosion during subsequent nitric acid disolution of 
u_ranium. This metathesis re.action is represented by Equation ·4, · 
Tab•le 6-10 •. Thus, ,dissolver solids are metathesized to·hydrous uranium 
dioxide and soluble.·potassium fluoride by nieans of the, addition of 

· 7M potassium hydroxide. · 

Metath~sis solution is transferred~ as needed; ~ram the metathesis, 
storage.tank to a ~issolver. At.the end pf 4 h of digestion at boiling 
temperature, the solution containing potassium hydroxide and potassium 
fluoride is returned to the metathesis storage tank. · This ,leaves hydrated 
uranium and plutonium oxide solids in the· dissolver. Following coating , 

•waste centrifugation, a portion of the metathesis solution .is routed to 
the centrifuge feed tank and is used for metathesis ,of uranium tetra
fluoride solids. Finallj, about 650 gal of fresh metathesis solution·are 

· added. to-the metathesis storage tank for the treatment of a subsequent 
dissolver charge. · 

6.2.2 Chemistry of Fuel Element Dissolution 

The ANN is added to t~e dissolver prior to initiating acid dissolution 
to compl_ex any soluble fluoricte present or fluoride subsequently produced 
by nitric acid reacting with residual fluoride compounds unaffected by the 

· previous metathesis. Fluoride complexing ·reduces fluoride corrosion in 
the dissolver, prevents free fluoride from reaching the HA column, which· 
would increase plutonium losses, ·and reduces corrosion in the .E-F6 and 
other concentrators. , 

6.2.2. l Uranium Dissolution. Uranium met.al and uranium oxide are oxidized 
·. by nitric acid to uranyl nitrate [U02(N03)2]. 

With uranium metal present, the uranium in .solution is mainJy in. the 
hexavalent state, with some tetravelent uranium. As .the dissolution pro-. 
ceeds, all the'uranium is co·nverted to the hexavalent state, with nitrogen 
dioxide or nitrous acid as the principal oxidizing agent. 
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Equation 6-1 represents the dissolution of 'uranium metal in nitric 

acid at concentrations less than 8M, while Equation 6-2 applies at nitric 
concentrations greater than BM~ However~ neither equation expresses all · 
of the mechanisms involved, sTnce nitric acid is refluxed from the down
draft condenser and air is injected into the offgas stream. -Under these 
conditions 9 the nitric ·acid consumption is reduced from between 4 and 4~5 
to between 2.5 and 3 mol -acid/mol·uranium. The bled-in air oxidizes the 
nitrogen oxide_ in the offgas to nitrog,en dioxide. 

The rate_ of ·uran-ium·dissolution increa$eS with an increase. in the 
initial nitric acid concentrat-ion, temperature, and surface area- of the-·. 
fuel e 1 ernent s •. 

• Metal 

U + 4HN03 + uo2 (N03l2. + 2NO + 2H20 

U + 4.5HN03 + U02(N03)2 + l.55NO + 0.85N02 + 0.05N2 

+ 2.25H20 

•·Oxide· 

3U0
2 

+ 8HN0
3 

+ 3U0
2

(N0
3

)
2 

+ 2NO + 4H
2
0 

. _ uo2 .+ 4HNOj + uo2 ( N03) 2 + 2N02 + 2H20 

(6-1) 

(6-2) 

(6-3) 

- (6-4) · 

6.2.2.2 Plutonium Dissolution._ In the presence of uranium, plutonium dis
solves in nitric acid to fonn plutonium (Iv __ ) nitrate, althou~h a sma-n frac

•.;::, tion of th_e plutonium may be present in the··solution· in the (III) and {VI)' _ 
~- valence states, mainly through the_disproportionafion of the plutonium (IV). 

·The dissolution of plutonium, lik.e that of uranium, proceeds by several compe
ting mechanisms. The following equation is a simpli_fied statement of the · 

. reaction by which plutonium (IV) n_itrate is formed. 

(6-5) 

The dissolution is stopped. while the'solutioh is -stoichiometrically 
slightly acidic in order to-prevent .the formation of· insoluble plutonium (IV) 

· polymer which is redissolved only with- difficulty and would be lost during· 
sol vent extraction. · 
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6.2.2~3 Other Products. The chemistry of other transuranics and,r1onvola
tile FP is not well defined, though all form acid-soluble nitrates. · The 

.volatile FP are 85Kr, 33xe, 1291, and 1311. The first two are inert and 
are entirely discharged via the offgaso The 14c. and a portion of the 3H 
in ·the fuel .are also released as carbon _dioxide and water, respectively. 

· The iodine radioisotopes are suspected of p·a-rtially refluxing .for_ a very 
• short time in th_e dissolver tower during the init_ial part of the uranium -
metal dissolution, but quickly discharge_ to the tower offgas during the 
balance of -the dissolution.P-10) The iodines are then trapped in the 
silver reactor (see-Section 7.4.2). · An upgraded system has been instal,led 
_to monitor for 1291. .. _ · _ _ _ _ _ · 

' ' <" • '. 

6.2.3 · .Sol vent Extraction Process Chemistry 

The chemistry of solvent extraction, which· is the key operation of 
the PUREX process, is extensively documented (Ref. 7, 8, and ll 
through 17) TJie major chemic'al reactions -involved in ·separation of 

· uranium and plutonium from associated .FP and eac.h other, resulting in 
purif.ied nitric- acid solutions •con.taining the desired products are given 
in Table ~-11. · · 

The required separation and purification are- accomplished by a series 
of extraction-stripping sequerices conducted in pulse columns vnder con-· 
trolled Chemical .conditions as indicated in the flowsheet.(12J Instru- · . 

. mentat iori and sample - analyses · are used to assure the_ process .is conducted 
safely.and efficiently.--

6.2.4: Plutonium Nitrate Conversion/Calcination Process Chemistry 

· The major chemical adjustments and reactions in the oxalate precipi
tation process include H+ ion adjustment, plutonium valence adjustment; 
oxalate strike/precipitatio~ and calcination. - · 

6.·2.4. l Plutonium Valence Adjustment. The plutonium in a solution of 
.pluton_ium nitrate -usually exists in the +IV valence state. Under certain 
conditions, such as are found in the 38P concentrator, large quantities of 
+VI plutonium are produced. Laboratory studies show that most of the +VI 
decays to the +IV state after about 22 d~ (The +III state does not exist 
.in solution at H+ concentrations greater than 4M ~nd when pr~sent does not 
significantly affect the- precipitation process or increase waste losses.). 
The plutonium (VI) exists as the plutonyl ion Pu02++. Plutonyl oxalate 
is s_oluble in the oxalate strike solution, resulting in l(ery high filtrate 
losses. It is. imperative, therefore, that the plutonium ( VI) be reduced 
to ~lutonium (IV) to avoid filtrate losses in the range of 4 to 5 g/L. 
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TABLE 6-11. Solvent Extract1~~- c·~emistry. (Sheet 1 of 2f 

Process step Chemistry Desr.rlptlon 

IIA coluoin 
extract 1011 

. _,., 

HA column scrub 

I BX co'I umn Pu 
par_tttlonlug 

IC coluull) 

2AF jTK-J5) 
reox1datlon 

2A column 

·(I) In general, 

Where:· a= cation valence 
b = number of TBP mulccules In co111ple11 

.. ' +2. ·. - ' 
(2) l.!02 (aq) t- 2IIOJ(aq) t 2TIIP(o~gf'"+-U02(1103)2 • 2TBP(org) 

low 
' +4 : . 
[Pu ] [tmj] ,.4 , . _ 

2TBP(org)· Pu (aq) +,4NOJ(aq) t- 2TBP(org) 

high 
. [ •2 [ ·1 +4' +Z . _ Fe ) Ntt2so3 • J • J , 

(2) Pu (aq) • Fe (aq) .+ (NH2so3)(aq)-----=---=-Pu + Fe (aq) 

·_low 

[N03] ~2 -
(l) uo2(N03)2 • 2TBP(ory)~uo2 (aq) t 2110j(aq) -t 2TBP(org) 

(I) Nii2So3 t N02-N2 i S04
2 

+, 1120 

(2) 6Pu•] t 2110;; •. 81l• -6P~•4 t N2 • 41120 

Extract Ion and scrub 

E11tractlon Is accomplished by 
mo•1l119 the aqueous feed strei1111 
and tt.c fresh nrganlc streilfll 
countercurrent Jy through .the 
pulse column cartridge plates, 
An excess of nitric acid ~n 
-the aqueous, supplied by the 
·1iacki:ycle waste, acts as a 
driving force or •salting 
·agent,·• a'ssurlng e~senttally 
coffCJlete extractl~n. · 

In lhe scrub section, the 
aqueous nl trate co_ncentrat ton 
ts reduced arid most of the FP 
previously extracted Into the 
organl_c are back-e11tracted or 
stripped· Into the aqueous 
stream ( the HAS) • · 

· Partitioning Is accomplished by 
a combination of low nitrate 
and Pu,(IV) concentrations In 
·the aqueous stream coupled 
with conversion of Pu(IV) to 
Pu(lll) due to an e11cess of 
Fe( II); The aqueous streani 
ts ·scrubbed 1r111lh fresh 
solvent In lhe JBS ccilu11111 to 
recycle stripped U along 
with 6. to IOS of the Pu 

. ' 

The aqueous strip has a very low 
nitrate concentration 

So that Pu can be reextracted, 
Pu(lll) ts oxidized to Pu(iV) 
wlth.NallO;i In the second Pu 
cycJe'.feea tank · 

Stmtl ar to IIA column 

CA 
.•CJ 

I .. :c 
,a 1111 
fT1 I 
<~ 
w:;o 

I 
·O 
0 - .. { 

--, 
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Process step 

28 column 
part It toning 

31\f (TK-L3) 
reox I dat Ion 

JA column 

38 column 

2D column 

2E co 111Dn 

TABLE 6-11. Solvent Extraction Chemistry. (Sheet 2 of -2). 

· Chemistry 

( 1) N2H4 • N02 • 11•-+_llffl • 2H20 

(2) n113 + rm2 + u•-112 + 1120 + 1120 

(J) 112114 • 2 no2 + 211•-112 + n2o + 1120 

(4) 1tt13 -• TBP....HN3 • TOP 

(!'i) 2tnt
3

0H• • 4 Pu• 4-4 Pu• J • n
2
o • H

2
o • 611• 

(6) 2Nt1
3

011• t 2Pu•4--2Pu• J • N
2 

• 211
2
0 • 411+ 

~ . - . . . -

(7) uo2 (aq) • 21103(aq) • 2TBPorg)_uo2(N03)2 • 2TBP(org) 

( 1) N02 • H+ • NH30H~ NzO • 21120 

Extraction and scrub 

Stripping 

U extraction and scrubbing 

U strip 

Desert pt Ion .· 

A redu~tng flowsheet ts used. In 
the 28 colu1111i to obtain addi
tional U.decontaminatlon, 
Hydrazine and hydroxlyamtne 
nitrate are tn,excess of slot:. 
chtometrlc requirements. 
Fresh solvent stream 1s Intro
duced for ·adde~ U scrubb_tng. 
Under these cond tt tons, · · 
reactions (1) and (4) occur to 
the near- exclusion of reac
tions (2),and (3) [the sum of 
(1) and (2)] 

The excess hydrazine and hydro-· 
xyl amine _al'e destroyed with 
nitrite present tn· the coricen:. 
lrated 11110 that ts _added for 
feed adjuslment, and Pu(III) 
Is oxidized lo Pu(IV) to per- · 
mtt extraction hi the 3A 
coliiinn 

Simi la~ to HA, efrept U .15· not 
preser.t · 

Similar to re'actton '( 1) 
18X column ·. 

Plutonium ls reduced to. Pu( 111), 
us ,ng• N2H4 ( In the feed) __ and 
NH OH . l Ill. aqueous scrub · · 
st~eam) •. Neptumtum ts sep
arated by operating with a 
hlgh-U saturation (resulting 
In nomtna11y_6% of the U, 
remaining In th.e aqueous)· 

Similar to IC column 
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Hydrogen peroxide oxidizes'' plutoni'um (IU) and reduces plutonium (VI) 
to the +IV state. The oxidation-reduction reactions fo_llow. 

_ The consumption of 2_moi' of n_itrit acid for each mole· of plutonium -
(VI)' reduced. cause~ an , appreci ab 1 e decrease in the H+ ·concentration if· 
considerable plutonium (VI) is present in the feed solution. _Because the 
precipitator feed solution contains more than 4M nitric aci.d, the.amount 
of plutonium (III) present.is negligible. Excess hydrogen peroxide is 
required due to its reduction by metallic impurities in the nitrate solu-
tion.· Such a reaction with .. iron. is: · 

Fe 
2H202 2H20 + 02 ( 6-8) 

where ·the metallic impurities serve .as catalysts f9r the peroxide decom
position.· Jhe liberation of.oxygen from _the solution causes a consider-

-able, but temporary," increase ir:i the volume of the solution. The valence 
adjustment step must, therefore,. be done in a vessel capable. of handling"-

. the large volume expansi.on. In addition, the reaction requires a diges- . 
tion time o.f at Jeast- 30 min, at a temperature .of 50°C to 55°C for compl e-

- - tion and decomposition of excess hydrogen_ peroxide. 
. . 

The amount and. concentration -of hydrogen peroxide used for valence 
_adjustment is dependent upon the plutonium ( VI) con·centration. The addi
tion of 12% hydrogen peroxide produces less foaming than higher concentra- _
tions and adds more water to the solution, thus lowering the H+ concentra
tion.· The addition of excess peroxide does not interfere with the process 
as long as the peroxide is allowed to decompose before the oxalate strike 
is made. · · 

- 6 .. 2~4.2 · Oxalate'Precipitatio·n: - -The precipitation of plutonium (IV) oxal-
- ate from a plutonium nitrate feed solution by the addition of oxalic acid 

under the prop~r cond~tions takes pla~e according ·to the reaction: 

The generation of 4 mol of nitric acid plus the removal of 2 mol of 
oxalic acid-and .. 6 f!lQl of water per mole ~of plutonium all affect the H+ 

- .•concentration in the strike slurry. The effect is more pron_ounced when 
concentrated feed _so.lutions are used. · 

6-40-
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The quantity and quality (part1cle size ·distribution, surface area~ 
and particle structure) of the plutonium oxalate formed are determi_ned by 
the following conditions in the precipitator vessel: 

• H+ ion concentration. 

i Plutonium concentration· 

• Oxalate-to-plutonium mole ratio · 

• :Agitation 

• ·Residencetime 

· • Temperature. 

. . The optimum H+ concentration of the slurry is between 2.SM and 3.SM. 
-At acid concentrations below l.SM, the coprecipitation of .impurities is
favored, and the precipitate is too finely divided for rapid filtration. 

· ; At slurry acid concentrations above 4.SM~ · plutonium ( IV) oxalat(;'! solubi-
lity is high· and the precipitate is thixotropic. . . . 

The optimum range for -the free oxalic acid concentration is O.OSM to 
. O.lSM, depending on.the purity of the solution •. The presence of oxalate-

c·omplexing .cations in appreciable concentrations requires a large _excess 
.6f oxalic jcid above that required frir the reaction with plutonium to 
·produce the desired free oxalic acid concentration. An appreciab-le reduc
-tion of -the tt+ ·concentration also .results from the addition of excess · 
oxalic acid due to dilution.·. The solub-ility of plutonium oxalate increases 
with increasing· nitric acid concentrations above 2M and decreases with 
increasing'oxalic ~cid in the slurry.· · · · _ -_ · · 

The.agitation must be adequate to achieve proper mixing.of the strike 
slurry. However, excessive stirring results in a finely divided precipi
tate. that is.difficult to filter. 'The best precipitations appear.to occur 
at a.temperature of 50°C to 59°C. Temperatures above 60°C produce a gummy 
precipitate. 

6.2.4.3 Calcination and Decomposition. The important calcination para
meters.are the rate of temperature increase dur.ing oxalate decomposition,• 
final temperature, and holding time. These parameters affect bulk and tap 
density, surface area, water content,.· powder fluidity,' and percent loss on 
ignition. · · 

Ast.he Jinal calcination temperature is increased to l,000°C, the 
plutonium oxide bulk and tap densities increase, and the surface area 
decreases. For constant 30~min dwell times in the calciner, the surface 

• area. drops from 43 m2/g at 350°C to. 4. m2/g at 760°C. .. · -· · . 

As the rate of temperature increase ts decreased by longer holding 
times of several hours at selected temperatures along the heating curve, 
water content of plutonium oxide.decreases from l wt% to less than 0.4 wt%. 
Powder fluidity improves as water content decreases. 
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6.2.4.4 Plutonium Oxide Powder ~torag~. The.storage of pltitonium oxide· 
is complicated by its hygroscopic nature, helium generation by alpha decay,. 
and radiolysis of impurities. Plutonium oxides readily adsorb moisture 
fran the atmosphere. Weight g.ains of greater than 5% are observed on expo
sur~ of freshly calcined oxide to atmospheres of 75% relative humidity at 

_ 25°C for periods as short as 1 h. Noncondensible gases also are adsorbed 
to a lesser extent. All oxide .handling must be done in a dry atmosphere 
in order to maintain product quality and storabi 1 ity. · . . ~ . 

· Any adsor~ed·· moisture on the plutonium oxide or· the storage container 
is subject to radiolysis by-alpha,,_ganrna and neutron· irradiation. The gas•. 
generated' .as radiolytic · products are:. trapped. inside the. storage '.container 
over--a period of time (determined by the moisture content and isotopic 
makeup of the plutonium oxide) will pressurize the container. When suffi
cient pressure is built up,. radiation induced recombination will tend to 
limit the maximum pressure in the container. The container could rupture 
.;f sufficient gas is generated. The storage rack and facility would then : . 
. have to· be decontaminated. · 

Helium is one of the end products of alpha decay.· However, due to 
the extremely small size and nonreactive ·nature of helium, it can diffuse 
through.the walls of the storage container.. This diffusion· .. 1imits the 
amount of pressurization contributed by the helium •. 

A loss 7on-tgnition (LOI) analysis of the plutonium oxide product less 
than l .o. wt% will al low long-term storage of the product. 

6.2.5 Nitric Acid Recovery Process Chemistry 

.. Nitric acid is reiovered from the DOG and the solvent exitaction 
.. , ... aqueous waste stream at the PUREX Plant. · Somewhat more than 80% of the. 

nitric acid present in the ~queous waste streams from .sol vent extract ion ·. 
is reclaimed for reuse. The relatively•diiute acid recovered from the. ·· 

:above sources is.concentrated in a vacuum fractionator to a uniform con
·centration suitable for process use .• 

The nitric acid vapor and a major portion of the oxide's of nitrogen 
·. in the ·offgas from the uranium dissolution step are recovered in a finned· 

tube, downdraft .condenser~ The effluent from the downdraft condenser is .. 
. ·further treated in:absorption towers to recover about 85% of the remaining 
.ox-ides of nitrogen· as nitric acid. - The important chemical reactions in-_ · 

. vo lved in the. absorption are thought to be: · 

2NO( g) + 02 ( g) · 

2N02(-g) 

. N204{g) + H20(L) 

: 2HN02(L) 

2N02 (g). 

~ N204(g)· . 

~.HN03(L) + HN02(L) 

.· ~ H20(L) + N0(g) +.·N02(9) .. 
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· Si nee the over al J absorption_ react ion i.s:. 

... \ 

(6-11) 

some nitrous oxide is always·produced and has to be reox.idized to nitrogen 
dioxide. 

Hydrogen perox1de reacts with nitrous acid• to yie.ld riitric acid and water 
.· ·. by the fallowing reaction. 

(6-12) 

· .. Since no ox.ides of nitrogen are produced by the above reaction, the . 
amount of residual oxide~: of nitrogen in the.effluent from the 293 ... A back
up faci l.ity, should be significantly reduced by the ·addition of hydrogen 
peroxide to ·the absorber solution. 

Nitric acid is reco'vered from the HAW by a two-step process. .First,· 
· the diluted aqueous ·waste is Jed continuously-·into.the boiling, concen"". • 
,Jrated ubottoms 11

. solution,· which continuously overflows to produce a con-
. cen~rated waste solution. The acidic vapors leaving the reboi ler ·section 

of the evaporator pass through deentrai nment pads and an absorber tower 
and are absorbed in a counter flowing aqueous·solution. Nitric acid is 
recovered in the acid abs~rber at a concentration of about 15 wt%. 

. ' . 

. The concentrated waste solution is reacted with s_ugar to destroy the 
.residual. acid and some nitrate ion and thus, reduce the amount of .caustic 
required for pH adjustment. · The offgas from the sugar denitration reac- · 
tion is rout_ed through the acid absorber for partial ( about 50%} recovery 
of: the contained oxides of nitrogen (NO, N203, N02-N204) •. 

6.2.6 Solvent Recovery System Process Chemistry 

Degradation of the TBP-NPH solvent occurs primarily as a result of 
exposure to ionizing radiation in the presence .of reactive chemicals such 

.·· as nitric acid. The solvent is .also degraded by exposure to nitric acid 
and/or high temperature. The rate of degradation is functionally related 
to _the intensity of radiation, the nitric acid concentration, and the solu
tion temperature. Degradation products of TBP include monophosphates, 

· dibuty.lphosphates, and orthophosphoric acid. The NPH diluent degrades by 
nitration to form various nitrosyl and nitroso organic compounds, as well 
as carboxylics, aldehydes, and ketones, but the degradation is almost · 
immeasurably slow under PUREX process conditions. Cleanup of the solvent
is accomplished by alkaline and acid washes. Potassium permanganate is 

·use~ in ~he alka~i~e wash to produce manganese dioxide which, as a surface
active fine prec1p1tate, adsorbs 95zr, 95Nb, and l06Ru. · 
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The alkaline wash removes the TBP. degradation products by converting 
organic acids to aqueous-soluble sodium salts. The FP are also stripped 
from the solvent •. The acid scrub serves to neutralize any entrained car
bonate, remove. residual manganese dioxide fines, and acidify the solvent · 
for reuse • 

. Any hydrazoic acid (HN3) contained fn the spent. solvent is' removed. 
as sodium azide (NaN3) •. Alkaline azides melt without decomposition· and 
then decompose only on strong heating and, generally, quietly. Sodium azide,· 
is not hazardous at the concentration expected in the PUREX Plant. Also, 
laboratory differential thermal analyses .have shown no exothermic reactions 
occurring below 450°C in the postulated· "worst casell* situcttion in which· 
organic wash· waste containing O. lM ·sodium azide' is· mixed and, heated with 
synthetic in-tank waste. · 

··. 6.3 FUEL RECEIPT AND HANDLING 

6~3.1. Fuhctional Description 

Spent_fuel for a dissolver charge is loaded-and shipped by UNC Nuclear 
'Industries {UNC}. Prior to a campaign, .a loading surrmary is sent to PUREX. 
Operations listing the fuel elements that .are to be shipped to the plant· 
during that campaign. Upon arrival, the train i.s admitted to the 
PUREX Plant exclusion area and the shipping.receipts are delivered to t~e 
PUREX shift manager. These records are compared ·(plutonium in g/ton, · 
240Pu%, · 23Su%, U total, etc.) with the loading summary and any di.s- . 
crepancies are resolved with UNC management :before continuing. · A_ charge 
sheet specifying the rail cars:.and: cask wells (by number)' of the material 
to be charged is then prepared from the information· on the shipping· 
receipts and given ta the.crane operator. Next, three of· the specified 
.rail cars are (JIOVed into the tunnel and the car puller is attached to the 
northernmost end of the car closest to the door. This prevents·a car from 
being. accidentally pushed through the tunnel door during charging opera:. 
tions. The remaining. cars, if any, are positioned outside of the tunnel. 
Once this .is' complete, the, locomotive is surveyed fo~ contamination, 
cleaned if necessary, and :released. The op,erators then check the temper:. 
ature .of the water ,in the c.ask wells, open the well covers, and close the . 
tunnel door. All personnel are then evacuated from the tunnel and cut· 

. area, ·and the dispatcher is notified that· 
the cars are rea~y. The dfspatther verifies 'the operational steps as they 
occur. 

While, the cask cars ·are being prepared, the di sso 1 ver to pe· charged 
is alsobefog.readied. The cover blocks over the dissolver and the 
dissolver lid are removed,, and the metal annulus of the dissolvers is• 

.... , Assumes use of hydrazine_ i.n all. plant reductant s_treams~ with· a 
· one-to..;<Jne conversi_on. to ·hydrazoic a·cid. 
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visually. inspected by the crane operator* to verify .that the "heel" of 
__ undissolved fuel is acceptably small.** The lid' is then replaced on the 
··dissolver and the.dissolver filled with AFAN solution. Finally, the lid 
.is again removed from the disso·lver and ·the dispatcher is notified that 

· the dissolver is ready for charging. Before the charging -operation can 
·begin, the ·dispatcher must perform the. fol lowing:· 

• Verify that all personnel are evacuated from the railroad tunnei . 
and cut · · 

. . 

• _ Verify that the tunnel vertical door is ·closed 

• Verify ~ith the headend .operator which dissolver ;is to· be 
charged and that the dissolver has-been flushed and filled with 
solution 

• Verify that- the crane ·operator has ·removed the lid from the 
correct ... di s solver 

• -Obtain permission from supervision to proceed • 
' • • ' r • • : • 

Once the. above. steps have been completed, the dispatcher notifies the 
crane .operator that .the charging operat.ion can commence and opens the. hori:. · 
zontal door between_ the canyon and the railroad. tunnel. 

· Prior.'to the charging operation-,:the crane operator verifies that the 
rail cars and wells are as designated on the charge sheet~ · The crane 

·operator then removes the lid from the.cask of fuel to be·charged, care-
. fully places the lid on another cask ·(only one cask is open at. a time),· 

and .inspects the ,fuel. If spike fuel is to be .charged, the presence of 
the inner 94-Metal element with the outer 125-Metal element must be veri
.fied ·or the fuel is either returned to LINC for correction or set aside in 
the ~asks until a special han~ling and charging.procedur~ can be ·written. 
If everything is found to be in order, the crane operator lifts.out and 
charges·one canister ,at- a time to the dissolver. During removal from the 
ca~k, the fuel passes within view of the "green fuel" detector. If the 
detector indicates a radiation reading above a predetermined value, an 
alarm sounds• in the crane cab and the fuel is returned to the cask for 
management review and appropriate action. 

*This inspection/determination is normally performed when the dis
solver is rinsed! immediately after the final dissolution 11cuL 11 If a heel 
cut is determined to ·be necessary, it is perf orm~d at that time (see Sec-
tion 6.3.2il). · . ·. 

· **The size of the undissolved "heel" of spent fuel in a dissolver 
_that is "acceptable" for subsequent charging is dependent upon the amount 
.of fuel to be charged, and vice versa. A ·typical heel of spike fuel corre
sponds to a single layer of fuel assemblies laying on the dissolver grate. 
This would correspond to about 1,500 lb of uranium, if all assemblies were 
completely intact. Special heel dissolution llcuts", however, .. have revealed 
the amount of uranium in the heel to be,typically less than 500 lb. The 
assumption of a T°,500 lb heel, therefore, provides a margin of safety in 
~stablishing·the charge size~ · 
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A canister is charged to the dissolver by resting the bottom bar on a 
hook located on the dissolver and allowing the canister to tip and empty 
its contents into the dissolver. · Several hooks· are mounted on the 
dissolver and these are used alternately to provide for an even buildup 
of fuel in the disso.lver annulus. It is important that the fuel be distri
buted evenly around the annulus, so that it will be·covered by solution . 
and, in the case of spike fuel,· the margin .of safety is 'increased for 
criticality prevention. The 94-Metal fuel is not stacked higher than the 

. base of the deflector cone inside the dissolver. The empty fuel.canisters. 
· are returned to the casks and transported· to UNC for· reuse • 

. Occasional cladding damage during the reactor discharge cycle plus 
· subsequent fuel corrosion during reactor basin storage in open Mark O can

... ; sters for several years. resulted in unacceptably high water contami na-
v ~-- . tiort levels. The·aged fuel has been 'recanned in sealed Mark I _or 
J.::9.:_.,:.: .. i.'. .. ~1ark II canisters (see Section 6.3.2.1). The lids will be removed from 
~ ., .. the canisters prior to· receipt. at the PUREX Pl ant. The aged fuel may 

r.·r.·.···"""'.··.1r. _contain some broken fuel· elements, but processing of this material does· 
r }s::.,.~ . not present any· significant processing problems ( see Section 6.4. l. 1). 

,
·.~.'.: .. ·: -~\~;. 
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Generally, about 3.5 cask carloads. are needed to charge a dissolver.·· 
· · and so a fourth car is brought into the tunnel after the first three ha.ve· 

been emptied. To do this, the lids must be replaced on the casks in the 
: ·tunnel and the horizontal door is closed •. The operator opens the vertical 
· · door and uses the car puller to inove the empty cars out far enough ·to 

attach to the new car and pull it· into the· tunnel. Once the_ new car is i-n. 
the tunnel, the car puller is relocated to the north end of the new car. 

·· The lid of the new car- is opened,. the .vertical door closed, ~11 personnel 
" ·are.evacuated from the rai.lroad cut and tunnel, and the charging operation 

continues to completion.·. 

·when the dissolver charging is completed, the crane operator replaces 
the lid and-cover blocks and notifies the dispatcher.· Next, the crane 

... · ·operator rep 1 aces a 11 .of the· 1 ids on- the <:asks and the hori zonta 1 doc r is . 
closed. The vertical door is then opened again and the lids on the cask · 
wells are. closed by the ·operators. The cars in the tunnel are then rear-

· .. ranged .for the next charge •. 

6.3.2 Sysiem-Des~ript{~~ 

· .A brief description of the fuel rece1v1ng and handling system is 
.· .c prese'nted here,. with emphasis on those components having safety implica·-
. tions. More detailed information is available in the PUREX technical ·. 

· manual.(1,7) 'The componentsdre discussed in the general order in which· 
-used or encountered in'-the fuel receiving and handling operation. 
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6.3.2.1 . Fuel Canisters. The Mark O fuel can:isters (Fig. 6-5) are used 
for storing and hand 1 i ng spent fue 1 ~ These consist of two 8-i n. -diameter. 
tubes which are flared at the top and have either a.grate.or solid bottom. 
The tubes are connected by three short bars (two at the bottom and one at· 
the top) • . The ,top bar, is used for lifting the cy 1 i nder and either of the 
bottom -bars -is the dumping trunion~ Two basic canister types·exist: tall 
and short. The tall canisters are about 71 in. long· and have a maximum 
capacity of 42, fuel assemblies. The tali' canisters are used only for 

. handling.spike fuel and.contain a maximum.of 28fuel assemblies. Th_e short 
canisters· are 28 in. long and hold 14 fuel assenibl ies •. Short Mark _O :can is

... ters carrying spike fuel can be i_dentified by',cylinders with octagonal . 
· tops. Mark I canisters ·are modified Mark O canisters that have a solid . 
bottom and ·a removable; sealed lid. · · · · · 

·The short Mark Ocanisters are being replaced with Mark.II canisters 
that are of similar design with solid bottoms but have a straight top, a 
removable. lid or cap, and.hooks for use ·in the DCM. A nitrogen gas ·seal 

·· is provided and the canister is v~nted via gas traps on the s-ide •. · The 
Mark II canisters used for spike fuel are identified by triangular tabs 
welded to each tube •. The n_ew canisters will be received at the 
PUREX Plant without the lid. 

. . The double.:.cylinder design makes ·each type of can,ster geometri-
cally favorable when handling the higher enriched.spike fuel. 

. . ' . . . 

6.3.2.2 ,Fuel Casks~· The casks .are·heavily shielded containers -~sed t,o 
. transport fuel can-isters •. These have 10-in.-thick lead walls-, bottoms,· 

and lids. which are clad with heavy steel ·plate. The N basin casks have a 
steel divider inside the fuel cavity. The lid has -a locking mechanism 
.that can only be opened and closed by a crane-operated-•impact wrench. 
Tubes penetrate the walls of the cask. in such a way as to allow water 
circulation, but.do not allow radiation .to "stream" out.of the cask~. 

· .Cooling water flows through the casks continually by thermal convection. 
K basin casks (Fig. 6-6} are designed tci hold 3 short ~anisters, and 
N basin casks (Fig. 6-7) are designed to-hold 4 t.all -or 12 short canis
ters. The K basin casks are the most commonly used. 

6.3.2.3 Cask Cars. Cask cars are specially reinforced .rail cars that are 
used to transport the casks of irradiated fuel between the reactors and 
the PUREX Plant. Two types of cars are available: 11 short 11 cars (Fig •. 6-8) 
for transporting N basin casks between. the reactor and th_e PUREX Plant, and 
long, 11 low-bpy" cars (Fig._6-9) for transporting the K basin casks between 
N and K basins and between the basins and the PUREX P.lant. · The tanks or 
cask wel1s on the cars are equipped with dial thermometers for checking the 
temperature of the coo 1 i ng water, a device ·for determining if the water · 
le~el is adequate, piping for adding water, and hinged lids that are opened 
or closed by-means of a handwheel. 
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FUEL ELEMENT 
ARRANGEMENT 

8-in.-DIAMETER BARRELS BY 71 in. !OR 28 in.I TALL 
RCP7909-43 

FIGURE 6-5 •. N Reactor Fuel Canisters. 
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CASK LIFTING BAIL 
(TYP. OF 21 

--- CASK LID SllPPORT BEAM -

ASSEMBLY (PLAN VIEW) 
(H-1-34671) -

. CASK LID LIFTING BAIL 
.(TYP. OF 2) 

. 74-3/4 in. 

(TYP. OF 4) 

CANISTER STORAGE 
CAVITY (TYP. OF 3) · 

COOLING_ WATER 
.DRAIN 

RCP8104-93 

- FIGURE 6-6. K Basin Fuel Cask • 
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FIGURE 6-80 N Reactor Cask Car. 

6-51 



0) 
I 
u, 
N 

' ·, ' 

.~ .· ·. '., 

. ···- ····---- -:--,• .... 
FIGURE 6-9~ :_ 

1
PUREX 11 Low-ioy 11 Cask Car. 

RCP7909-44 . 

en 
C 
I 
:c' ;a va 

fTI I 
<~-
w::o 

I g 
-i 



u,
C--0 
:;Jr' ' 
~·"' 

~' 
~ 
~,· 

!;"-,.,!, 
~
~~'Ii. 

. -~'-'.~: ~. 

S0-Hs...:sAR-001 
REV 3 

6.3.2.4 Railroad Tunnel. The railroad tunnel is located on the east end 
of the PUREX building perpendicular to the building. A-vertical, rblling, 
steel. door provides access to the tunnel and a horizontal, s-1 iding, steel 

· doof tonn~cts the tunnel with the canyori. An interlock prevents one door 
from .opening if the other i's already open. - The primary function of the 
two doors is for ventilation control in the canyon. A secondary function• 
of the aoors is to pro~ide tunnel a~cess control. The.vertical door con
trols personnel .and locomotive access and the horizontal door controls 
access by the crane. · · , 

.A mechanical, chain-pull device with a 'hook that can be attached to a 
· rail car is mounted.on the east wall of the tunnel. The car puller is 

used to position the cask cars under the horizontal door fof unloading. 
The car puller is attached to the north end of the car nearest the door. 
A limit switch prevents the car puller from pushing a rail car through the 
vertical door. · · · · 

fr.3.2.5 Can~on Crane •. · Either.of two master bridge cranes can-be used to 
charge the d1ssolvers. The cranes are electrically operated and designed 

. to protect the operator from radiation .as we 11 as airborne contami.nants • 
The crane cab provides a filtered atmosphere arid radiation shielding to 

·--. the qperator. ii also travels .behind a concrete shield wall to protect 
· - the operator -from radiation. All wo·rk is done using a special, p~ristope-

type, optic system. · · · 

6:·3.2.6 Fuel Dumying Assemblies. Two types of dumping asselTlblies· are . 
used on the disso vers. The assembly that is normally used (for dumping 
short canisters) is a stainless steel cylindrical insert with an upper ·" 
lip, that extends out about 3 in. and has 4 hooklike projections equally 
spaced around the inside.· The projections· engage the lower bars connect-
ing the two barrels of the canister as· it is lowered into the dissolver. 

The four positions provide uniform distribution of the fuel assemblies 
around the dissolver annulus. 

The second type of assembly (llsed for dumping tall canisters) con
sists of three vertical, stainless steel columns mounted on a base plate.· 
The center column has a hooklike projection for engaging the lower con
necting bar, or dumping trunion, between the two barrels of the canister. 
The two outer columns act as positioning guides· for the canisters. The 
assembly is also provided with a semicylindrical shield to prevent spill
ing of the fuel outsideof·the di.ssolver •. Three dumping assemblies are 
equally spaced around the rim of the dissolver. · 

6.3.3 Safety Criteria and Assurance 

The recognized hazards attendant -with. the receipt and hand li hg of 
irradiated N Reactor fuel are listed in Table 6-12. Formal risk assess

ment is presented .in deta_il in Chapter 9.0. This portion of Chapter 6.0 
addresses engineered safety features and administrative controls that are 
in place to.mitigat_e identified hazards to acceptable levels of risk. 

6-53 



0) 
. I 
---~- ·:. 

. . 

TABLE 6-12~ -- Dissolver Charging--Off-Standard Conditions. 
--------------------,..-----------------------------

· Off-standard 
condition 

Safety 
· impl icat·ions --

Charge with incom- Safe mass ·could 
plete/spike ( 1.25% be ex_ceeded 
235U) assemblies --

Overc·harge with 
·spike fuel 

Sp ill fuel can is
ter in canyon 

.. 

Violates one con
tingency of 
·criticality 
preventi.on 

Contamination 
problem 
p·otential fire 
hazard 

How detected 
I 

1. Cross check 
reactor records 

--
2. Visual inspec;_ 

t ion of cask by 
crane operator 

_., 

Vi sua 1 inspection 
of dissolver and 
car by ·crane 
operator. - Fuel 
above liquid -
level, car empty 
when it should 
be half- full 

Visual inspection 
of floor by crane 
operator · · 

Receipt of gr-een 
.fuel (cooled 

Potential release Green fuel detec-
of 1311 if for alarms 

180 d) charged and · 
dissolved 

Likely-cause 
.. 

1.- Inaccurate 
., reactor data 
2. Partial assem. 

bly loaded at' 
reactor basin 

3. Shipment of 
outer spike 
elements only · 

· Failure to fol low 
procedure 

Canister inse
cure·ly hooked 

Wrong cani st-er 
shipped 

·-

Remedy 

1. Return fuel to 
reactor basin 
if more than 
2 of 14 inner 
tubes are -· 
missing 

2. Reduce charge 
size 'if 1 or 
2 are missing* 

1. Halt charging 
and·return 
remaining fuel 
to cask car 

2. Calculate reac
tivity and add -
"poi son" if · 
necessary 

l. Halt charging 
2. Pkk up re

motely with 
special crane 
tools 

1. Return fuel to 
reactor for 
additional 
cooling 

2. Invest 1gate 
fuel history 

*critic~lity prevention in the dissolver could be compromised if sufficient incomplete 
assemblies were charged ~ithout a corresponding reduttion fn charge size. 
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6.3.3.l Criticality Prevention. Nuclear critiqality-prevention during 
fuel transport 1s provided by a ·combination of engineered and administra
tive controls. An operator cannot load .enough canisters of- 94-Metal or 
spike fue-1· into the K basin casks .to cause a criticality excursion. The .. 
taller N basin casks are also safe for 94..:.Metal fuel, but add.itional con
trols are .required for spike fuel.·. A,stainless steel,, 1% boron insert· in 
the casks provides neutron absorption and control of canister spacing. In 
addition, ·the fuel is. stacked only two layers deep in th~ casks.· 

Nuclear criticality prevention in the canyon is assured, even in the 
event of a fuel sp i 11, by a combination of· equipment design and admi ni s
trative control. · Limits are establ-ished· on the amount -of fuel that is in 
transit between the cask cars and the dissolvers. No container is avail..: 

·· ·able that will hold more than the maximum safe amount of fuel.· Storage of 
· N Reactor fuel in the canyon is not allowed, so the problem of spilling a 
caniste_r of fuel. onto an existing inventory is precluded.. -

' . 

_ · Nuclear criticality p~evention during 91ssolver charging 1s assured 
by a·dmiriistrative controls ori the fuel-charging operation. The annular· 
aissolvers are geometrically favorable for 94-Met.al fuel, provided the 
fuel does not extend above the base of the deflector cone. The dissolvers 
are not geometrically favorable Jor spike fuel, however, so admi ni strati ve 
·control is necessary. A mass limitation is imposed on the amount bf fue.l 
charged to the dissolver and, in. addition, the fuel is required to be 
uniformly, di-stributed .ar·ound the dissolver annulus. This latter require- · 
ment is facilitated by the several charging positions around the annulus. 

A review of the spent fuel handling operations, both at the reactor 
and at·. the PUREX Plant,· indicates that overcharging of spike fuel could 
occur by ·eithe,r of. the following mechanisms: 

t .A dissolver cou·ld be charged.with three_full cars, or 27 canis
ters, of spike fuel, rather than the normal 2.3 cars, or 
21 canisters -

-• A dissolvercould be charged with a full 32-canister batch of 
spike fuel under the assumption that the material was 94-Metal 
fue 1. 

'The first case, charging of 27 rather than 21 canisters would result 
in a charge size of about 13,800 lb of spike fuel onto a "heel" of spike. 
fuel -not exceeding 1,500 lb, for a total batch size not exceeding ·· 
15,300 lb: The second case, charging of 32 canisters of spike fuel onto a 
11 heel 11 of 94-MetaJ fuel not exceeding 1,500 lb, would result in a batch of 
16,350 lb of spike fuel and 1,500 lb of 94-Metal fuel. A computer analysis 
was made of the spike fuel charging operation using the M0NK4 Monte Carlo 
Code, previously validated, for the range of calculations used, by com
parison with cr-itical experiments. The computer· calculations yielded keff 
values of less·than 0.95 for a 33% overcharge (16,250 lb) •. The calcula
tions were made assuming a uniform optimum lattice (fuel assemblies. stacked 
on end in the dissolver annulus). The probability of the optimum lattice 
arrangement occurring during the dissolver charging operation is extremely 
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. low, as the fuel. is dumpecLfrom--th~ op~n .top-of:t~e·•dissolver, striking: - -
the conical deflector and falling ra'ndomly into the dissolver annulus in .a 
randan jack-straw arrangement. · · 

The risk associat~d with·. handling of ,spike- fuel, while low, is measur
ably higher-than-that associated wi'l;h• the handling of 94~Meta1 fuel and,· 

- ·. therefore, requires that the identity ·of the, fuel be firmly establi.shed _ 
· before' it· is charged to. the disscilyer. · Ver;ification of·'identity is ensured\-
. by administrative controls~ descrjptipns,: follow.__ · 

• The irradiated .fuel is -,s_egr"~gat-ed according:to• ·exposure; enri.ch~ · 
me_nt, and· fuel. type- wherf it· is discharged from· the reactor'. and 
loaded into canisters. ·_The canisters are .jdentifiecl by· discharge 
date (or key number},-and storage·.positior1. · · 

• < ' • "'. ', 

•- A bucket.:.loading sunmary is provided to PUREX management ~t .the 
· start of each processing campaig·n. - This summary lists all inate- -
rial available for processing 'by ·key- number and storage position, _ 
or· statfon: number •. Another ·record Js prepared on the :irradiation· 

- · __ history of the fuels-: --

e: When fuel _-is shipped to ~UREX, _a- shi_ppjng form· is completed· which. 
lists the fuel canisters by station· and key number and canister 
position in the cask cars. Copies of -the shipping form accompany 
the fuel -shipment to PUREX ancf are compared agcii nst the bucket- · _ 
loading_ summary to verify th-at· tt}e correct canisters have been -_ -

-shipped~ - - . . -

• '', After the fu~l 'srdpment··-has. been·, received, a dissolver.cnarging 
__ sheet is completed by either. the shift manager or a aefignated· 

alternate~· This fonn is- a list of the canisters .to be_ charged 
to a diss'olver, the· ·weight of .uranium· in each. canister, the. key· 
number of each canister, location:·of each canister in the casks,: .. ·_, 
positio,n of -each canister. in the car, and the car- number~ The . 
crane op~ratorthen··.refers to _the. charging sheet when charging 
the 'dissolver. · · · ·· · 

•- After the c~ane oper'ator removes the_ lid, from a shippi~g cask, 
he ·.inspects the canfsters of fuel to determine t_hat spike fuel
.assemblie~. are complete (both· the 125-Metal: outer _tube and. the . 
94".'.Met al i. nner tube : are -- present) ~ 

6~3.3:.·2 Fuel Radfoactive Iodine co'ntent •.. Radioactive iodine' is rela
tively vo·latile at the temperature of the_ dissolution process, and an._ 
estimated 65% _ of the amount. in -~he incoming. fuel is discharged -.with. the 
DOG.·. A combinatiorJof engineering and administrative controls is·.employed ·-

-to prevent the ·concentration ·of radioiodine. from· exceedi.ng the concentra-. -
· tion guides in ·the gaseous. effluent from the PUREX Plant. _ These controls 
ar~ disc:ussea. in the following section.· -

', ;, 
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, .. ·· . .. · > Aclni'in_istrative controls ·:·~re employed to ensure that the frradiated ·· · 
.. fuel ls coo.led ·sufficiently and that. the· dfscharge Tim.its are ,not. exceeded, .. · 

·-.. even if the. engineered control devices were·. to fail. ·. Irradiated fuel - is.· .. 
· ·ageci:·o·r cooled .at least 180 d after discharge from·.the reactor·,to allow . · 

::t ;the radioactfve 1311, wjth a h9lf-life of 8~07 d, to decay the required 
amount., .. Three separate:tontrols are .applied to ·pre.vent the accidental- . 

. shipping and ·charging of. short-coo.led or green fuel. · · · · 
. . . . . ' ' - . 

•• · The shipping forms ·are. compared .with the bu~ket loading summary . 
. •'· when the fuel ·is received~·· Jf.the key. numbers, indicate that the 

ttiel 1s~aged,.1ess ~~an 1~9 ~~ the.fuel is· not.~harged.*:· · ·' ·. 
','"" _,.;;, ... 

·-.. ~· 

1·~1_·-~"11'.·' 

I·.· .. ~· 
. .,·11;,•·. 

: · ·.. ter::;; . 
- .. ~~--

. : .. es. ... t 
. r--'f'?. 
·.~«-

.<~~:·_. 
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•·• .. Th~··c·ask wells· are checked for: temperatu're and· radiation• 1evel. 
•· ·•·· ·• ,lf either is --unusually hig~; ·which .. could :indicate the _presence · · • 

··•,'of' green ·fuel, the material' is;,not. charged until the question is 
: ·.resolved.*· · · · · 

-•··~ Each ,~ani ster -of fuel :passes. wit'tii n -:view: of a gree-rt fuel detec,;, 
tor during the dissolver charging operation •. · Insufficiently 
aged fuel that may .cause an iodine release problem will ,emit·· 
enough .radioactivity.to set off·an·alarm in'.thecrane cab 
dispatcher's office and the·.headend control room;and the 

-canJster will-,be returned to, its cask for shipment back to 
N Reactor •. _· In the event a green fuel canister is charged to a · · 

·.· "dissolv,er,:•:a large_ amount of rai:fioacti.ve ·iodine. would be. · 
· -ltberated .during the metal· disso.lving step. This -excess -amount . 
. of iodine would be.detected by the .-iodine.monitors- in the.DOG•.· 

•line a_nd on the main stack,·and an alarm would sound in the 
· headend iontrol room~ 'The'dissolver in qu~stion·would be ·. 

immediately shut down· by coo 1j ng ·.and/or: drowning the reaction, 
··: .. •and operation of that dissolver would be suspended until 'the · 

· incident could be.i.nvestigated and·corrective action could be 
taken~ . Depending upon the amount of green .fuel charged, the · 
corrective act ion could vary from ~add it ion of mercuric• nitrate ·_. 
to suppress iodine volatilization tb holding the dissolver in 

· shutdown st_atus until the fue.l i ~ properly aged. · · 

·6~3.3.3;:,Radiation Protection •. Radiation. exposure .to operatjng personnel 
·· .is limi:ted by:both administrative and eng'ineered controls. While the fuel· 
· ·is·being·shipped to.and stored in the PURE_X ·railroad cut, it :is contained , 

in' heavily ·shielded .shipping casks~·. The cask lids are •designed to be · · · 
. removed only by a crane equipped with an.electric .impact wrench. This·. 
·. prev~nts an operator from accidental. exposure to- the fuel element's inside 

the.·:cask~ · .When the fuel arrives. at the PUR,EX ,PJant, the cask we.lls are · 

*The fuel· may'>be either returned to ,N Reactor or, if the deficiency 
•is only' a few .days and ,the 'fuel .or use of the car is not requir.ed immedi
·.ately, it may be-held in the ·rail cut at the--PUREX ·:Plant. 
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··checked for temperature and:~adiatf6~ level by Chemical·OperatorS, accoiTI~( . 
panied by a Radiation Monitor. ;An· unusually _high radiation reading ·could· .. · · 
indicate either inadequately aged fuel o,r a ruptured fuel assembly (allow-
tng radioactive contamina"tion to c:liffuse out of the· cask}. In .any event,· 
the problem would be evaluated and resolved by' process control arid opera
'tions management before any further operating action: is taken. · · 

'• , • • • e • , • • '.' ,' , 

... _. .. ·The crane operator·is'.pfevented from· remov1ng'the lids from the cas.ks~,. 
. . ~ ··1:,y the overhead door between· the rail tunnel . and the canyon~ •· The overhe'ad · 

door operation ·;°s controlled: by the:d:ispatcher.arid the-door is not opened'· 
until all perso·nnel ,have been evacuated .from-the rail, cut ·and:-tlihnel anij,• ,, 

-·, the vertical. door. is clos~d-•. An electr,a,; iriter,lock p,revents both doors·. 
fran being open at the same time. · · 

.. ~-~ 6.3~3.4 Metal Fire Protection~. 'Irradiated fliel-'is self~heatin·g and, fn 
· ~: . the absence of a mechanism for heat ·removal, 180-d;,.cooled· fuei would self 
· Q4 · >. heat to about 230°C in 15 h. This occurs if a -canister of fu~l is lying 
' ._........ .on its side withjn the canyon. Combustion would not: oq:ur. ~t this tempera-

. ·· :~4 ~ · · tt.ire even. if •the cladding is breached~ . Although .it is only a remote. pos- · · 
· ·;:; ·.• · sibi1ity, spontaneous c001bustion Qf irradi_ated fuel .is prevented· by 5-hi,p:. 

~<.~:ping the fuels to PUREX in water"".filled-cask wells. Fuel assemblies, 
. charged. to .a dissolver. are lifted directly from t_hese water-fi 11,ed. casks 
and dumped :into the dissolver. which has previously been fi.lled _with declad

, ding·· solution or water. Additional. admini_str'ative controls ,require that · 
·. ·the fuel· be kept covered at all· times· while ·in the di sso 1 ver, except for · 
: ·the short time.· that a qissolver is ·empt.fe(J and .refilled •. The minimum 

·.< liquid ·-level ·required .to. cover the fue 1 is established by •1J.i sua 1-· inspect ion . 
during the charging operation.· ·The liquid leve] is then maintained above 
this value during subsequent processing·. · Temperature alarms on :the dis-

·4 solver~ will also warn ~he operator_·of am increased' ·ri,sk of .. metal f-ire. .. :· 
·,>'•{ .. 

, :· 6~3.3.8 Spilled Fuei ConitoL. Sh~i.ild ·a :canister ·of. ·-fue.1 spill,. charging 
: activities ,are suspended-until the situation is evaluated:and.·responsive 

action developed by,process controtand_ operations management. 17he appro- · 
• priate responsive action would depend on a number of cons·iderations such. 

as·age and-location of the sp-illed fue·l and could includeallowi.ng routine 
,_ chargi.ng operations ,to .conti.nue, .postponing the·· recovery. until: an .extended 

shutdown .. period > -•· · · ·· · · · · · · · · 
,·• ... _:'As:·1\st,ed in'AppendixA,Jable A-7,_<t tall canis~er containing 42/, 

N Reactor, 0 .• 94-Metal Juel elements was. spilled onto the B Cell floor in 
· December~ 1969. All but 11.5 outer tubes and 22.5 inner tubes .were 

retrievai and proce.ssed in subsequent_ di.ssolver: tharg·es •. Retrieval of the 
·remaining _tubes containing about 500. lb of uranium requires r~moval of the 
dissolver~ . 'Since the fuel. is not a safety hazard, it wi 11 not be recovered: 
until the· dissolver faiis, .the plarit .is shutdown, or c~mditions change. 
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6.4.l Fu~l-.Decladding and Dissolution · 

.. 6~4-. 1.1. _Ft.incti0n·a1 Description. 

-;, ' !, . 

. '': ·,--

. . 6.4. l. l.T ·Fuel Decladding. · Ttie fuel decladding and dissolu(icin sys- · 
tern separates the Z1rcaloy cladding from the metallic uranium f.uel elements 
by selec'ti..ve,.di ssoJution ·in .a boi li,ng ·AFAN, solution. · The Zi-rflex fuel. de ... , .. · · 

... •· -cJadding, ·sh.own .. ·schematically·· .in Figure 6 ... 10,. ts described. earli.er in t~is,, · ,· _·. 
:,"chapter and,·in more detail, in·References ll and 18. Small amounts of 

· . -.-· µrani·LlrJ'I and· plutonium ·are dissolved, -~long with cladding and precipitate, 
_ t.n; · <:-·as tetrafluor1d~ .salts •. Processing of b.roken or ·ruptured fuel ·e)emen'ts · 

· · .· ~-, • ...... re~u.lts. irt inc re as fog the quantity of tetrafl uor,ide _salts formed but. does · 
. ~~:·. ',·:·: 

. ~, · · not present any .particular hazard or control problem •. The urani.unf and 
·, .;,. · plutonium fluorides, being.-relatively dense,· are easily separated from the 

· : _2;· · · · cladding ·waste solut-ion by gravity .settling and centrifugation. ·.The · · 
-':~· · : cladding ·waste solution (.ammonium fluozirconate) .. 1s .transferred.from the. 

·::..,";; ·. • di sso.l ver · ( after a qui~scent period. to al low the uranium .and plutonium 1 

'~- .· . fluorides: to sett le) into the centrifuge ,feed tank, agitated~.· allowed to :. 
_· . . ·settle ,again~ .. then sampled and ·ana-lyzed 'for;accountabi lity and to verify •. · 
· · •. · .. the absence o.f 'Significant. quantities of soluble· plutonium •. · The sampling_ 

· ·:operation;-is described .in Section 6.7.l •. After .sampling, the cladding• ... : 
.waste solution is ·centrifuged (to remove -residual uranium and pluton-ium . ·. · 
tetrafluorjde,...:f ines) ,. made· alkaline with .. sodium.hydroxide·. (by .a ·reverse 

·· strike process}, and• sent to. the .underground waste storage tanks for later · 
... concentrat_ion. to_-~ ·salt cake. The uranium and plutonium fines are . . . · 
· slurried ,from the· centrifuge back into the ·centrifuge .product tank for 

subsequent metathesis treatment. . . 

. _During cladding' removal, the' offgas from th'e.dissolver-passes"_:t:hrough 
· .. the downdraft cond.enser tower, the ammonia scrubber tower, heaters, a 

sampler and combustible .gas analyzer, the,silver reactor, and a· packed, .. •. 
g]ass-fiber filter~-all,located in the process cell •. Jheoffgas is then.·· 
routed. ·through. a second packed,, glass-fiber f.i lter, to the base _of the. -

. -291-A-l -stack.· The combined gas stream- is sampled, monitored continuously .. 
· for radioisotope concentration~ and discharged out the 291-A-l stack to _ : · 

the· ·atmosphere. 

6-5.9 

':._,·_ .. 

,, .. ,,!_,' 

·•·I•·, 



. en 
I.• 

,~·. 

FUEL 
~HARGE 

~FAN . 

WATER 
RINSE 

. ' 

DISSOLVER. 

TO METATHESIS 

HaO 

'DOWNDRAFT 
•···CONDENSER 
"ND SCRUBBER 

. TO STACK. . · ·. ·. · 
(BYPASSING. 293-A BACKUP . 
FACIL~TY) . . · ,. , . 

AMMONIUM 
HYDROXIDE 

. SCRUBBER .CATCH TANK 

DECLAD WASTE·· 
TREATMENl · . 

AMMONIA. 
. CONCENTRATOR. 

,·/ 

:v. 
~-~J· 

. CENTRIFUGATION . ·:,·' 

' . . . 

_____ ..,. TO UNDERGROUND STORAGE ' 

RCP79Q9-39 

· .. FIGURE 6-10. 01ssoJver Op~rat1on--Oec1.addi.ng. · 
- '· .. _ - ' ( . . 



i~,. 
'-t~~"'\, 
~ 
lf;:__'.5)". 

(t'. 

!::1,"', 
~;$> 

.~~ 

so.;;HS-SAR-001 
REV. 3 

. 6.4.1. 1.2 Uranium and Plutonium Fluoride Metathesise Uranium and 
plutonium dissolved during decladding remain, for :the most part, in the· 
dissolver as insoluble fluorides. Potassium hydroxide is used to meta
thesi ze these sol ids to nitric acid-soluble hydrated ox ides (Fig. 6-11). 
The metathesis in the ·dissolver is performed by digestion at a boiling 
temperature for 4 h. When the digestion is complete, the solids are· 
allowed to settle for 20 min, .then the metathesis solution is returned to 
a storage tank for reuse. The uranium and plutonium o_xide products of 
metathesis are dissolved with the fuel elements in the subsequent fuel 
dissolution step. ·· 

6.4.1.1.3 Cladding Waste Treatment. The function of the cladding 
waste treatment system, discussed rn greater. detail in Chapter 7.0, is to 
process the cladding waste for recovery of residual uraniu.m and plutonium . 
solids, to handle the potassium hydroxide solution used in the metathesis 
of uranium and plutonium fluorides, and to react the cladding waste with 
sodium hydroxide prior to transferring it to: underground storage.· 

, 

METATHESIS 
(KOH) 

-
DISSOLVER . 

METATHESIS 
METATHESIS - ~ RINSE TO 

RINSE - - · DECLAD WASTE 
TREATMENT 

RCP7909-40 

FIGURE 6-11. Dissolver 0peration--Metathesis • 
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. _ 6.4.1.1.4· Metal Dissolution. ,_-The·metaldissoTution step ·is.·shpwn'., 
··•schemat.ically in·Figure 6-12. First,-ANN is.added to the dissolver to,· 
·· complex residual fluoride ion, then lOM nitric acid ·is added to dissolve· 

the uranium. Either one or two di ssblution steps, or cuts, are performed, .. • 
depending· on the amount of· uranium metal in the dissplver. Initially~ the 
acid'isadded as rapidly as possible.to cover the fuel and maintain control 
·of· the temperature. The react ion _has· a tendency· to. proceed r.ap idJy at the 
: onset, :due. to .the. presence- of_ smalJ · pieces of ura_nium metal and hydrated· .. · 

, oxjde, and is· controlled by ,c'oolfng the. so·lution· or;: a~ _a last resort, 
· · ·. ·quenchirtg:.. the reaction by adding .wc1ter •. At-.the conclu_sion of the dissolu-, .... 

. tion step, detennined by -solution specific• gravity, the .. uranium>soliJtion · .. > _. :' 
is- transferred. to the holding· tanks.·(TK..;D3'. and·'.-D4) •. -If' 94~Metar. fuel 
is being ·processed, another· dissolution cut (similar·to the first cut, . . 

~- .. 
--~--

. except-with less ANN} is. then performed.•· The dissolver is then emptied. as,.-, 
/ before, ri_nsed twice to· remove residual metal so·lution, and inspected for _· · 
··. heel size;.. If the heel (generally Z.ircaloy c·laddfng) is determined to be· 
.·excessive,* a-heel cut is performed.ustng .decladdir:ig solution followed, if 
· necessary, by ni'tric acid and the· dissolver is reinspected. · Finally,_ 

either water is added .to cover the heel or, if charging is expected to 
_ :;;; proceed shortly, the required amount' of .AFAN dec·1a~di'ng solution is added 

'. ~ • ·:to perfann the subsequent dee 1 adding step~ ·. · · · .. · . , · 

"' . 6~4.1 ~1.5 Off gas -Treatment·.::. Tht( off gas <from;, the dissolving step is_, · 
passed through the dissolver tower~ which recovers part of. the oxides· of . 
nitrogen as nitric acid for recycle ta. the dissolver 5 then through in-cell 
steam and electrical heaters, a silver. reactor (far the removal of 129r 
.and 1311), an in-cell'glass-·fiber filter, a secondary glass-fiber filter,· 
and into the 293-:A backup facility. • In 293~A, most of the remaining oxides . 

. _. of nitrogen and residual. radioi.adine, are. removed from the off gas by solu;. · 
·ttan. in two acid- absarber-s. in series. The. offgas_ is then disc_harged into 

_,.''i_. themain·venti,latiqn·stack where-·it mixes•wi:th the canyon-ventilation· · 
.exhaust, then. is con.tinuously·_sampled· fafradioisotope' concentration and 
exhausted· to the atmosphere. 'The di lute·. nitric ·acid produced in·. the·,• 
absorbers ·is recycled ta the PUREX P)ant recovered acid· system, ·where it· 
is -concentrated and recyc.led to ·the: process •. The DOG treatment is.·· 
discussed further, in Sect.ion? .4.2. The 293:.A backup facility is 

,discussed fo.Sectfon·6.5~2. · · · · · 

'. . '' ,• 

. 6.4. l. 1. 6. · Sal vent ·Extract ion Feed· Samp 1 i ng and Accountability. The 
'metal solution>from the dissolving .step·.is moved batch-wise through feed .. 
·-storage.tanks and an: accountab_ility tank._ Any needed ·adjustments in. com-· .. 
position or concentration are made,. and. rework soluti.ons are added. The ·. .. ,,~·· < , 

'•. -~- . 

.. -. additi_an of. rework p·lutonium at this.stage is.carefully controlled to xon~·> 
.· fonn with: established criticality: prevention requirements'. The solution·: 

is transferred ta the sa·lvent extractio,n. pro~ess feed· tank.· The solution 
at this·: paint is ari acidic~. aqu~ous sotut_ion of about 400 g/L uranium as 
uranyl nitrate, containing·.about 0.8 g/L.of plutonium and the non-
volatile ,FP: · •· · · · 

*. _··.' .... ·,·:: >, .. · ,·. . . ' 
·_ .see·_sectiori p'.3'. 1' for .basis -for heel _siz~ determination. 
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6.4.1~2- Major Components. The ~ajar· components of the dissofver sy~te~: •
the dissolver vessel:t the dissolver 'tower:t and.the met.al s_olution storage 
tanks, are described 'below. The DO_G system is describ,ed in Chapter_ 7~0a 

6.4. l.2.1 -Dissolver Vessels. T~ree similarly designed dissolver~_ 
are used at _the PUREX Plant (Tk~A3.,'.TK~B3, and TK-C3). The dissolvers 
.(Fig. 6-13) cons1st of.two annuH separated.by a slotted wa,1L: :rhe _ ... -
centers of the dissolvers are cylind~rs•toppecl with a: cone~ The cone acts 
as a deflector and· helps to· everiljndistribute,.the fuel elements in the·· 
dissolvers during·charges.> When the dhsolvers. are _frl 'pla<;;e fn the cells, 

" the center tylinders -fif over- a cadmium-clad,: corjcrete, _ net.itr·on _ - -
- -moderator.,- The_ fuel elements ·are-,charge"<L to the< inner or "metal" -

-_ annulus. · Thei bottom of th:is annulus is a grate· 'which_ keeps the -fuel - , 
-- --~ . about-9 in.:off the bottom of·theidissolver.· Below the grate is a-steam 

:·:·w_:;._._;;: - _and air'. sparger. -_ The- outer or 11 solution 11 _annulus contains. ,·service piping, 
""'"""" , as ...ell ·as ·the heating and coolfng c'oils!j and another steam and air 

.- ~;'. :, --: : sparger. The DOG exits through a 16--in. line attached to the upper _ . 
_ '_:_?T_.J i _ section of the di ssol-ver. The dhsolvers have _lids that _can. be . .-removed .. 
. :~~-: :for'cha·rging of the_fuel. • A-water seal around.the tops of·thedi,ssolvers-
- ~, -:•maintains a vent ~eal while- the lids are,_ in place. - All dissolver parts. __ 
· ~"': - ;; that- are in.contact with process solution or offgas are· stainless steeL.

< ;:, The dimensions· of the dissolvers are_ shown·, _in Table- 6.:, 130( 19} _- - _ · - · 
' . -, . ,, ' ' , ', ' 

· 6~4.1.2.2 Dissolver Tower.• -The dissolver tower or downdraft con'"'. 
- , denser· (Fig. 6~14) is a verb.cal ,-:finned tube,- counter-currents downdraft_ 

condenser. -- Its P.urpose _is_ to absorb and return to the dissolver oxides- of--
- <, _nitrogen that are generated during fuel dissolution~·- ·and to cool the off-

.· :'.i_-gas·,strec111 during,fuel dee ladding- and metathesis.-· This is done by cor:i~ __ 
-• :_ densing• the water-vapor in the DOG ·an_d abso_rbing the oxides of n.itrogen ·in 

- the· re-sultant condensate. _ During-'the-decladding_ and metathesis steps, th-e _ 
tower acts as an · ammonia absorber by a similar mechanism •. tn. this case,: -
however; the absorbed: arrmonia is .. 1'oµted _to a catch tank, rather than back_ 
to the dissolver., -- - . - . -

. -fr~4~ 1.2°.3 Cladding· Waste Treatment System~ The equipment of the 
_ .. -cladding waste treatment system, -described in more detail in Chapter 7.·0, 

consists of four standard, 5,000-g~l tanks,: one. l,725,:.gal tank, and two 
'solid- liquid centrifuges. - - - - ' 

- , _ 6._4.l.2~-4,_ Metal Solutiori St~rage Tanks-. ··The met~] 'solution storage: 
. -:, tanks: are :listed in Table 6- l. -·- The accountability sampling and- measure- -
'';ment tank.-(TK--05) i.s a standard 5,000-gal tank.'. Special features for 
-- _·accurate vo 1 ume measurement, and samp 1 i ng are shown in Figure 6-15 •. These -

f!;!atures include- redundant WF. and _SG measurement systems, and a two-stage 
<sampler~ wjth red'u_ndant sampling S,ys-tems. The fi-rst -stag_e consists_· of 

pumped recir;culaticiti through a' sample. p·ot.(2_0)'. Positive flow ·i,s assured -
· -- by measurement of. the sample pot ltqu'id level.. The second stage i.s a 

-sampler similar- t<i the_ ones described in S'ectio_n 6.7, but without an air 
in-bleed -which recirculates. the sample_.through a cavetype s_ampler 

-;;tatfon~ - · - -

. ; -~ ... :._. 
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TA8LE 5;.13·~. TypicaT'He~dencLEqLliprilent Description., 
, . . ' ' . ' " ~ 

' ' 

. ' ' . 

Vessel'- Function .. , · , · 

TK-A3a . Dissolver. 
. JK~B3 

·. TK-C3 

.· Nomi na,1:' . . '.· 

. capadty· .··. Qescri ptfon •-. 
· .. (gal)· 

5,009 
. . . :,.·.-, .... ~.· ... ·b. :. , .. :,· . 
9 ft 3 ·tn. OD by. A ft .11 in.• 
ID .by 24 ft. Inner, metal, 
receiving annulus. is nominal. 

, .12 in. {new· A3 is 11 in.). · 
The outer· solution annulusiis 
.J4 in.. Both .. annuli co'ntain .. · · · 
:s~atge'rings (~ith0airlift· . 
·circuJators·'in old style) .. ·· 

.. which. are· served 'b}'. a.ir• and· 
· steam. Vessel fabricated of·.· 

304L stainless·ite~l. · Annu~ 
lar; concrete moderator . 

· .. · 3. f.t ·n. i.n. ID., 6 in. thick 
. with 30-mi"l· cadmium.sheet•oh 
',outer surface ' ' 

'. ·. -'~\ 
T-A3-1 · Dissolver towe~ ·• .. :4 ft. 4 · i nl OD. ·by· 23·' f~ ·. 304L.' 

s~ai nl.ess 'stee 1 . ( see2 

" ' .. 
'••. ,.l 

· T-83-1 .. · (downdraft. cpnd~nser) ·. 
·. T-C3-l 

.. aNew. dissolver in A cell •. · 
. .· bouter diameter.·· . . 
. crnner diameter •. 

·.· - .. 

· .. 6-66. 

F1g. 6-14); 1,675 ft. heat 
trar,isfer. area 
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SAMPLE Fi.ow · 

~·. -f~l 

· · · · I I · · 

i) ·1 · . i
1

).L-..: - i. ! ___ :_· · _· 
:I. ·----,•-J -, i i--t::..--:-=::=:-..:.: 

! • • I .-'-.J--1...;.++, 
I '• j· I 

j r ! , . I 
· SAMPLE POT · 

I I i- ! : 
Li i ! - -· 

: ' . ' ! : ! i__ ·-~~~-~--~~~=:--' 
,.. 1·-----·------··1·1 i ;---~-· . '---. -----, ·, ' 

iF-·~-~ ,· -:' _> · .. -7i!J 
_I-- . · .. -.-----. -- · --_. -- . ·.c~ :· · · I,: -

. . - _: I · : 

!·i: i ! INPUT. 

ACCOUNTABILITY:. 
TANK 

.. · · lic-os · . ' . 
, CAPACffY •· S.- GAL·, (!·• 

. . I 

. ! (:' 
·_: .j,'' 

;·· 

---. 
I 
I t--4> __ ,c,_ ·TO SOLVENT. EXTRACTION 

-----.PIPING 
- • - INSTRUMENT LINES• . 

RCP7909-47A 

. FIGURE 6~15. - :A~countab:i lity Measurement and: Sampling .• · 

,, 6-68: 
. ' 



,._ rf;i. 

'·.·q,, .... · 
-~' •~--. ,~· .. ·: 

.:i:, 

', :· -;r 

. SD~Hs:~SAR~oof 
·. ·REV 3. 

·;•--/-/: .-_\-\.- .•. :,:-,,.,_,.,..1•;.~, . 

. , '. ·.· : ·6.4.·l ~t.S<Offga~ Treatment.·: 'The DOG freat~nt ··system ··is:' describe9 
· in :section 7 .4.2 •.. · 

'' . 

·' 6~·4. l.3 Safety Criteria· and· AssuranCe . . The recognized hazards attendant• 
·· with chenJically.decladding the metallic.fuel elements, handling the clad'.". .... · 

. -ding .waste,;solution·s, .disso.lving ·the fuel; and ·handling •t.he metal· solution·· 
· through samp,ltng and actountabili~Y are Jisted tn {able 6-14. ··. Formal .r.isk 

as,sessment -is presented in detai.l. in Chapter- _9.0~ . This portion of Chap-· . 
·. ·· 'ter ·6'.0 .address¢s engineered safety' f:e'atu~es •and :in· place operational . . 

.·t'cmtrols :.toC·mitigc1te ,identified hazards t~ ac~eptable levels ;'Of ri sl(. : . 

.. · · · .. '6'.4. h3. l' Nuclear Criticality Prevention~· . 
• .. , __ .,-.' • < 

• >Dissolvers.· 

· ... ·_The :PUREX Plant ·a~tiular, dissolvers are geometrically favorable 
. for ·all combinations of, uranium ,fuel and nitrate solutions . 
.enriched; to Jess 'than·.0.97% 235u~· ·The most reactlve·condition· 
envisionecL.to ,occur ,in the dissolvers ·during the 'chemical Pro-· 

· .. cess i ng.· steps would be· the ·dissolution fol lowed by. "Selective. . 
precipitation ·of a major portion* of the plutonium .in a charge: 

... ,of :94-MetaLfuel. ·. · · · · 

: The most reactive condition occurs' with the ,p'rec'ipifate si'urry. ·. 
containing 20 to.Jo· g/L'plutonium and very littleU02 •. _rt:: ·· 

:·ur.anium·coprecipitates, :it acts as a neutrori.poison·and:the 
' reactivity is reduced. The plutonium 'in•·the ft.1el elements 

:,. should. not contribute .to .the reactivity 'of this precipitate 
because .the fuel elements are .elevated ·from the floor and have 

·rand011J .bridging •. No mechan_ism has· been postulated which would. 
·· .permit' the precipitate to settle ori·or among the elements and be 

at a more. r·eactive. concentration.· For a. criticality· to .take 
place as a result of ~lutoriium precipitatio~, _the foll~~ing•. 
events. must occur: . ·. · · · · 

The. dissolution must dissolve a quantity of. plutonium in· 
excess of the ·limit . . , 

.• The procedure is riot followed and no solution is. jetted out 

.A precipitating agent~ fluoride.:.or .hydro~ide; is· introduced· 
and precipitates ·the: plutonium, which then falls to the 

. bottom o( th.e : dissolver •. · · 

* ·_· The actual amount· of ~lutonium·.requi_red for criticality dep~nds _on 
· several factors, including 240pu content and total N03 concentration in · 

solution~ 
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. l~BLE 6~ 14. Deel adding and Uranium Dissolution· • ..: Off-Standard Conditions~ (Sheet J of 3) 

< Off-standard condition ·. How dete¢ted 

DOG ~2 _·concentraticin ~2% Readings on th,e K2 · 
analyzer · · 

. • Dissolver pressurized 

DOG Nllj concentrat i.on ·. 
,>2% .·.•.·, 

Excess Zircaloy heel in 
, dis~olver · 

Loss of ~acuum ~n dis
so lv·e·r 

Readings Q_n. the Nll
3 

· 
analyzer· · ·t · . 

Visual inspection by 
crane operator · 

i. ikely cause , . 

1.· Too rapid ·of reaction 
during decladding · ·. · · 

2 •. Improper posit iontng of 
~tr bleed~alve ·· 

'.i. Too rapid of rea'ct1on 
during decladdtng ·, 

2. Improper positioning of. 
air bleed valve. · ·. 

1 •. Lilw water flow rate to 
. HH3 scrubber. ·. · · · 

2. tow cooling :water flow 
to.-downdraft condens~r. 

.. , '. 

. . - . 
:1 ~ Insufficient AFAN. low · 

AFAN concentration 
2. Dilution of solution 

wlth water.· · · 
3. ln~ufftcient NH3 str tpptng · 

·• Low sparge rate 
1 ·water addition tn-

. ·sufficient · . 
· · 4. Shorter than required 

boil tng time .· 
5; Solution level below 

fuel level during. 
-~ei::laddtng 

Detection_ of cause 

.1. Temperature and · 
. pressure readings 

during heatup · 
2. Valve loadtng·pres-. 

. sur1_0~ ·atr bleed 
. DOV ._ .. > · 

1. Temperature,pres
sure, and H2-NH3 . 
readings during 
heatup . 

2. Valve load tng pres- · · 
· sure on air, bleed DOV 

. . . ' j, 

.1. Reading on the :. · 
scrubber water supply 

· rotameter · :• 
2,· Coolfing water 
· · ,: Temperature read

ings 
i Fl~wmeter- i:¢adtng 

· · · ·, ·• Reme_dy 

1. • Open air tnbleed 
'· valve 
• Slow reaction by 

decreasing steam 
flow through coil 

2. Increase air bleed 
rate 

1. Slow reaction by 
cutt tng s'team .to cot 1 

· 2. Decrease atr bleed 
rate · 

I.• inci:ease water flo~ 
· rate· tci' scrubber .. 
2 ~-- Check for raw water 

losses . _ . , 
• Decrease steam flow 

to sparger and con. 
· 1 Increase cooHng 

... water flow to 
· condenser 

_· l. AFAN-check coricenira- .1. AFAN-check volume 
t ton wh 1ch may be ai.hU t ton of AF AN 
indicated by low dis- · 2. Otlution-focrease 
s'olver· WF steam flow to coil •. • 

2. Dtlutton-dtssolver SG Check downdraft con-· " 
and/or ,WF readings denser condensate 

· 3, NH _.• ·., .. routing·•. : . 
~- At.r sparge rota,- - 3, NH3 . • . : . 

meter reading . . :, 1 1nc'rease sparge 
. • Water supply rota- · . · ra'te fo proper 

·meter reading · · sett tng . . .· 
4 .• Temperature recorder · 4. Perform extra declad •·, . 

during bot Hng cycle - . s.·:perform extra decr~d . 
5,Low.WF.rea~tng'durtng 
·. heel check · 

,! • /; ', ,. 

, Cl)'. 

.CJ 
I· 

·:c 
::0 (I) 
"1 I <u, 
, ,)::o 

«.iJ;:;p 
0 
0 __.,,•· 
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TABL_E 6-14~"- O~cladding an~ Uranium ~hsolution--Off.:.:s1:anda"rd Conditions. · (Sheet 2 of 3) _ 
. . .••·.. . ~ •,·•·•, . ···. •. ·•··•:•. .. .. ' ~-· ·"·-. ... . . - ,· . . ,•• . . . . ' ,.•_ ' . 

Off .:standard ccind it ion 
Dissolvei declad_waste 

-_ lines plugged with 
solid.s 

Excessive product l~ss -
while decladding 

Dissolver pressurization 
during initial heatup. 
for U dissolution 

. Disso-lv~r pressurization 
during cut · · · 

Excessive dissolver 
corrosion 

How detected. 

ln~bility to succesiiully 
transfer declad waste 
solution from dissolver 

.Analysis of TK,-O2 so 1 u
t ion for U 

Vacuum gauge on di.ssolver 

Vacuum gauge on d ls solver 

. . .. 

corro.~ion piociucts in 
solvent extraction feed 
samples (TK-D5). · 

· · i1kely tause _ 

Overconcentratiori with 
hexaflupzirconate pre
cipitates.-. -. . . 
1 ·utgh fluoride- concen- : , 

tratlon . . . 
• Coo 1 ing of di s·so 1 ver · 

durt~g reaction 

1. 0)<idat ion of UF 4 to UF 6 
• ·Exc·essive afr 

sparging ' .. 
1 Holding decladding 

solution in dis-olver 
:without.dilution or. 

. . cooling . _ ·· . 
2; Insufficient. rinsing of 

. "d tsso 1 ver after 1 ast 
- dissolution · 

Too rapid reac_tt.on _ · 

Too rap'td reaction: 

1. Insufficient ANN added 
during cu"t · · · 

· .2. Excess·tve F- remaining 
.in dissolver 

· Detection of cause· 

No· dec~ease -i.n. dissolver 
WF or Increase 1 n TK-D2 · 
w(when transfer' ts· -
attempted . . .:- - . 
• F analy~is .of.detlad· 
-solution - _· -• . . 

1 Temperature instrumen
tation on dissoljers. 

· 1. Oxidation , : 
i. A 1 r. .sparge _rota._ · · 
. meter reading 

· 1 Mont tor WF .and 
. .. temperature ,chart's_ 

2. Monitor WF chart· 
after·Jetting metal 
solution . . 

Increase ·1nctissolve? 
vess.el pressure 

lnirease in .dt~~olv~r
vessel pressure~ · 

TK.;05 sample _analys 1 s 

·..,_'.• ,;.:· 

Re111edy'_. 

Maintaf~ constant volume 
iii dhsolver while_ . 
decladding · _ 
• Dilute ,solut"ion as 

-reaction progresses, 
i Maintain proper . . . 

.reactlon'temperature 
~ Backflush Jet to · 
. ,remove pfµg 

L Oxidation . 
~ Check ~ang:vafves 
. - for.air leakage 
1 Prompt d 11 utt on and • 

cooling of declad 
waste 

2, Rinse dissolver wel 1 · 
, 3. Do nof -sparge during 

declad waste transfer 

1. S_hut.off.steam,to .· 
dissolver coils ... 

2~ Turn on water to 
cooling coll . 

· J°. Ad.d drown tank water 

.1. Decrease steam flow. 
to dissolver· · 

2. Turn cool Ing water . 
onto cotl 

3~ Add ·drown tank water. -

1. Ad.1ust ANN to proper: -
' · Al/F mole ratti · · 
2. Review metathesis·•·· 

. chemistry .. ·.. -
·3. Review decladding -• · 

_ operat t~.ns 
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TABLE 6-14. Deel adding and Uranium. Dissolution-- Off~Standard- Conditions~··. '(Sheet, 3 of 3) 

Off~standard · cond It i o~-

Acid ·deficient· product 
so 1 ut ion 

High·1 content In the 
DOG 

.. 
· .· How ·detected 

Product loss to the HAW . 
due to the fonnation of 
Pu· polymer 

· 1. I monitor on d Is- . 
. so Iver 

-2. ,High I alanns, 291-A 
and 293-A (hours 
later) · 

aD idphrdgm-operated, -v_a Ive. 

,. 

Likely cause ··; '_ 

1. Too;hlgh a tenn1na1 SG 
during dissolution· 

2. Nitric acid depletion· 
of dissolver solution 
o Low concentralon 

nitric acid used 
· during cut 

.o Faulty dls'solver 
tower operat ton 

o Steam leak to.dis
solver solut Ion 
from a sparger. ring 

· · .o Faulty SG lnstrlliien
tatlon In dissolver 

1. Process Ing of Ngreen" 
·slugs 

2. Silver reactor break-. 
· through·: 

Detection of cause Remedy 

1. SG lnstrLmentatlon 1. Calibrate dissolver 
out of calibration SG lnstrLmentatlon 

2 HNO · · · 2. HNO · · · · 
• o Aaalysls of .HN0

3
...... o B~tt HN01 Into· 

· used for cut . spec lftcat tons 
o ·olssolver tower · .: .o Bring dissolver 

f lo11,111eter and . · tower back to, 
lnstrunentattori equtllbrlLm 

o Sparger gang valves .o Repair sparger 
leak Ing · ·. DOV . 

o Coqiarlslon with SG o Recalibrate SG 
reading In storage. · fostr-Lmentatlon 
tank . . 

1. H lgh I nion I tor read
Ing on.dissolver 

2. High I alanns, 291-A 
and· 293-A (hours 
later) 

1. lnmedlately quench 
~tssolutlon by 
rapid cooling 

2. Butt dissolver with' 
·merc~rlc nitrate ,, ,. 
(10- M) . · . 

3. OtlutTon of dissolver 
· solu~lon 
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. Although .the plutonium in a charge of 94-Metal fuel will rou-
S tinely exceed the precipitation mass· limit, the plutonium in the 

· .... fuel :is firmly bound by the bulk uranium~ Only ·the .dissolved · 
· plutonium needs to -be· considered for the precipitation accident •.. · 

A limit .is,~therefore, placed upon the dissolved plutonium. The 
··amount of plutonium dissolved.·is determined by the solution ·sG in . 
. the dissolver, ·the plutonium-to-uranium ratio in the fuel, and 
the. analyses of samples taken fr:om the ~elution storage tanks. 

~In addition' to .the' administrative limit cin. the amount of- pluto-
ni_um permitted in solution in the di.ssolver, all possible· · 
sources bf precipitating agents are either eliminated by 
phy$ical d_i srup- · . · · . . · . . .. 
~upti6n of the trarisfer line (nuclear.blank) or~re:Precluded 

• through operating ·Contra ls, such as the dissolver ·chernica l . addi
.. •tion. and transfer control system { Sectio_n 6.5. 1.3.4). 

• Dec ladding-Waste Vessels (TK-0J, -02', -El, -E3, and·-E·s~ and 
G-E2 and ..;E4) 

Five large tanks (TK-01; -02, -El, -E3,.and -ES) and two.centri-. 
· fuges { G-E2 and -E4) ·comprise the primary vessels of the declad
< ding waste system •. The nuclear safety of th.is system.is depen-
. dent upon ·the control of dissolver operations. Decladaing solu-

· .. tions co_ntai n ammonium f.luoride and/or ·potassium .hydroxide and . 
attack exposed fuel ·metal tO some extent. These solutions. are 

·. also precipitating media for actinides •. Typically, 5% to 10% of· 
. the dissolver-fuel charge is converted:.into insoluble flu6rides~ 

·· Normally, both uran,um and· plutonium are present in .the. dissol..; 
· ver solids. It is remotely possible, however, for conditions to· 
exist that could cause only·the precipit~tion of pl~tonium • 

. Assuming a concentration of 30 g/L. of plutcinh1m under such con-. 
~itioris, about'. 800 go( plutonium in a hemispherical configura~ 
tion of slurry would represent a critical mass. •If, however, · 
uranium were also present in the same .ratio to plutonium as in 
the original fuel element, no amount cou.ld be critical. · 

;Because plutonium ~ay be 'pre~ent •in higher ratios near the 
: surface than in the remainder ·of the fuel element, procedural . 
coritrols are employed to keep the actinide..;bearing ~olids in the 
dissolver. The following controls are established: 

- Maximum decladding time, to limit amount of fuel element 
dissolved · 

Minimum settling time, to liinit amount of solids suspended 

. No agitation during jet out, to limit amount of solids 
resuspended 

· - Minimum temperature, to limit precipitation of zirconium 
solids. 
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. Most of those plutonium-bearing solids that do leave the dis.-· 
solver are recovered·fo.one of the system centrifuges (G-E2 
an·d -E4}. The uranfom and-plutonium are recovered by nitric 
acid dissolution and then sent to the metal solution storage 
tanks. 

• Metal Solutio·n Storage Vessel TKm03 and TK-04~ Accountability ... ·· 
Vessel TK-05, and Feed Adjustment Vessel -JK-E6 .· • ·. · · . , 

The four. vessels, TK-03, ..;04, -05; and -E6, have ·two. common bases 
for safety: a p lutonJum _mass, limit that· is safe for accidental 

·precipitation· arid- 'in-place controls to prevent accidental. precip
itation from occurring. , ·. · 

The plutonium mass liniit· for accidental precipitation. is- based 
upon the precipitate piling up in the most unfavorable credible 
geometry (piled up, as a result of agitat)on, around the outside 

.perimeter of the 1:anksi with the pile.having.a 45 degree 
s·lope). The plutonium mass limits based on this ratio.nale are· 
in excess of·lQ kg for each vessel· in the absence of uraniumG, 
Uranium is nonnally present· in a 1 lb/g -of plutonium ratio and 
provides neu:trdn poisoning in s_olution or precipitate. 

Physical and/or administrative controls are in place to prevent 
the addition- of prec_ip itating agents to Vessels TK-03, -04, -05, 
and. -:-E6. Vessels TK-05 or· -E6 are not- connected-to process 

. streams or lines that contain p,recipitating agents; Flush or 
uti 1 ity headers .that could contain su~h material are physically 
disconnected. Vessels TK-03 and . .;.Q4 are connected to the dis-. 
solvers, which· routinely contain precipitating agents (KOH, 
NH4.F-NH4N03) ~ · The operatio·n of the di'ssoJvers is dependent , .· · 
upon administrative'.controLof solution .. routingss as well as· 
process chemistry. _ A key-lock selector switch, ·or sequential.· 
programmer, is used for each dissolver which restricts the rout
ings possible for each phase of the dissolver process (charge, 
declad, rinse~ metathesis, fuel dissolution). This selector · 
switch prevents mi srouti ng_ of plutonium-bearing uranyl nitrate 
solutions into a vessel containing dee ladding solution~ or 
decladdjrig or metathesis solution into a vessel containing plu
tonium solutions.· The superv'isory personnel control the key to 

'.this. switch and must check the procedure run sheet prior to 
changing the selector switch location. 

Besides, complying with• the mass· limit· in TK-E6, the contents 
must be at a. safe concentration ( less th~n 6 g/L) and a safe 

·. plutonium-tb-ur~nium ratio (l~ss than.45,000 g Pu/ton uranium) • 
. · TK-E6 has the following operational. requirements for receiving 
· plutonium rework from TK-Lll: · · 

· A minimum volume of 2,000 gal of acidic .solutlon is present 
in TK-E6 upon receipt of plt.Jtonium rework, so that even if 
the materi a 1 being received were not properly diluted or 
poi saned en route, it wou:l d be safe when received in TK-E6 
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At lea.st one agitator -is operating · 

Based upon an an_alysis of -the TK~L 11 solution, the. material 
being sent is diluted or poisoned via the .motive li.quid jet 
to. an always subcrit ic·a1 concentration (keff"- less_ than 0.95) • 

. . At least two·of the .controls would have to fail before a criti-
.: cality in TK-E6 would be possibl_e. 

Rework ·material.from TK-Lll is diluted by a factor' of at least. 
80 upon receipt" in TK-E6 by the ·required 2,000-gal inventory. 

·Even if -the sample result were in error, the.maximum concentra-
-.. ·.tion ( 450 g/L) would be_ d.i luted --to· ,a safe· concentration upon . 
. receipt in. TK,;,E6. . . ··- - . . . .- . 

The TK-Lll liquid jet provides a minimum di-lution of 2.7:l. 
·•·Based_ upon an analysis of the TK-Lll contents., the supervisor 

· ·• decides_ whether nitric acid solution alone or nitric acid-
·· cadmiiJiri ,nitrate solution shall.be_·used as mot.ive liquid.· The 
_·supervisor may also e·lect to dilute high plutonium concentra- ·· 
:tions· in TK-LlLbefore·transfer and ·use nifric acid as-motive 
liquid.· The following controls are applied to ensure that ttie 
cadmium nitrate solution is of- the· proper concentration •. 

· Cadmium nitrate ·is -rnade up according ·to an. approved makeup 
procedure. 

- The material is sampled and analyzed to-assure the correct 
Cadmium concentration • 

.... 
A neutron source-neutron detection pair is installed at the 
cadmium feed tank· and interlocked with the pump to the · 
L-11 jet~ 

No leaks 1n the TK~Lll tb TK-E6 ~ystem have been known to occur. 
However, material being transferred is at a safe-effective con
centration and the solution would be subcritical even if it were 

- to leak into· a canyon sump. 

6.4.J.3-.2. Pe·rsonriel Ex osure to Radiat-ion. With the· exception of -
fuel receipt {discussed earlier, a operations are condu~ted within the 
massively shield~d processing areas of .the PUREX Plant. Sampling and 

_ analysis of the metal solution are performed wi_th manipulators in a 
i .shielded "cave." 

_ 6.4.1.3.3 Combustible Gases. Hydrogen-air mixtures are flammable in 
- the range of 4. l to 75 vol% ,n dry air ·and will explode at room tempera-
. ture by any external source of ignition, s-uch as sparks from electrical 
. equipment, overheated bearings,. or an open flame. - Ammon_i a-water-air mix

·- ttires are flammable in the range of about 14% to· 30 vol% ammonia. The 
-effect of water vapor on the flammability of ammonia is such that, with a 
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rise in temperature in an ammonia-air-water system, the lower limit is 
raised and the upper limit is lowered to meet at about 44°C. Above this 
temperature, the amount of water vapor is sufficient to render all mix
tures of ammonia and air nonflammable. Anmonia reacts with nitric acid or 
ox ides of nitrogen to fonn ammon_ium nitrate, which is fl arrmable under 
extreme conditions. Afiinonia may react with the silver nitrate present in 
the DOG iodine removal equipment to fon11 silver azide. · However, silver -
ammoniate compounds that are intermediates in the production of silver 
azide readily decompose at high temperature, and are prevented from 
accu111.1lating by maintaining the temperature of the-silver reactor at· 
greater than 150°C. 

Hydrogen and arruoonia are _both fanned during the decladdi ng step. 
Hydrogen is generated by the reaction between fluoride and zirconium, but 
is largely suppressed by the presence of nitrate ion, resulting in the 
formation of arrmonia. · · 

The concentration of hydrogen in the DOG is maintained at a safe 
concentration as described in Section 6.4. l.4e 1. 

::.~·-
,~ ..... , Hydrogen is also fanned in process solutions by radiolysis of hydrogen-

bearing components. Radiolytic hydrogen is diluted to safe concentration~ in 
process vessels by a combination of air in-leakage and .instrument purge air. 

L 

Arrmonia is evolved from the decladding solution during dissolution of 
the zirconium and, also, from the reaction between hydrogen and nitrate 
ion. Essentially all of the arrmonia is scrubbed from the DOG and the clad
ding waste treatment offgas in the ammonia scrubbers. The ammonia scrubber 
waste is then evaporated; the ammonia is evolved from the boiling solution 
and exits with the overhead vapors, is reabsorbed into the condensed ·vapor, 
and discharged to an underground crib. 

The ammonia concentrations in the disso_lver and the E cell offgas 
streams are measured with gas analyzers. Safety is assured by maintaining 
a safe concentration of water vapor in the atmosphere of the vessels 
containing arrmonia. 

6.4.1.3.4 Dissolver Corrosion. The primary confinement barriers in 
the PUREX Plant are the vessel walls and piping, and failure could impose 
a severe strain on the secondary barrier system. The most likely instance · 
of a primary barrier failure is heating coil or tube bundle failure due to 
corrosion. The primary cause of corrosive coil failure in the dissolvers 
is the fluoride ion in the AFAN solution that is used to dissolve the zir
conium cladding on the fuel assemblies. Residual fluo~ide is also present 
in the HN03 fuel dissolution solutions as discussed in-Section 6.4. 1. 1.4. 
Averagedissolver coil corrosion rates on the order of 15 mil/mo and 
5 mil/mo, respectively, for the decladding and fuel dissolution steps are 
expected, based on a rev·iew of laboratory 'test and plant operating data. 
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Loss of radioactivity, in the event of a coi.l failure, .is minimized 
by: an interlock system that maintains pressure on the coil at all times, 
periodic coil leak tests, and continuous monitoring of the effluents and 
autanatic divers ion if radioactivity is detected. 

6.4.1.4 Operational Control. The standard operating procedures (SOP) for 
the dissolvers explicitly specify each action or operating step to be per
formed·from the time the dissolver is charged with fuel and the lid 
replaced until it has been rinsed and prepared for the next charge. 
Supplementing the SOP are dissolver operating data sheets which must be 

· filled out by the operator. The data sheets are, basically, check sheets 
with spaces for recording the time, initials of the operator performing 
each step, and other pertinent physical data (such as volumes transferred 

• and temperature). · 

6.4.1.4.l Fuel Decladding. Nuclear criticality prevention during the 
decladding operations is maintained primarily by strict supervisory control 

·· of the chemical addition and solution transfer control system (also known 
as the sequence control and the dissolver sequence selector). The accumu
lation of an unsafe mass of plutonium solids is prevented by specifying 

.the amount of excess decladding solution to be used and the length of the 
digestion period, and by requiring that the solids be allowed to settle to 
the bottom of the dissolver before the cladding waste is transferred out 
of the dissolver. 

Hydrogen evolution during the decladding step is suppressed by the ·· 
nitrate:ion present in the decladding solution: The AFAN decladding solu
tion is procured as a stock solution; llM in fluoride and lM in nitrate 
concentration. The stock solution is sampled when received°;- but not used 
until the analyses indicate the material meets the required purchase speci
fications. The amounts of AFAN stock solution and dilution water required 
for the decladding step are specified in the procedure. 

The concentration of unreacted or residual hydrogen in the DOG is 
continuously measured and maintained at a safe level (less than 2.0%) by 
adjusting the dissolver air in-bleed rate, the steam sparger rate, and,. · 
finally, the steam flow to the dissolver coil. 

The aITITlonia concentration in the vapor space of the dissolver is 
above the lower flammability limit. in dry air, but safety is ensured by 
the temperature of the solution and steam sparging, and the consequent 

· presence of water vapor. Virtually all of the ammonia is removed from the 
DOG in the condenser and anmonia scrubber to reduce the concentration in 
the offgas to less than the lower flammability limit. The continuous 
arrmonia analysis provides verification of proper operation of the con
denser and ammonia scrubber. 
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6.4~ 1.4.2 Metathesis •. Nuclear critical. ity prevention during this step ·· 
is maintained by strict supervisory control of the dissolver sequence selec
tor. Tile accumulation of an unsafe mass.of plutonium solids is prevented· by 
requiring a period of quiescence· to allow the solids to settle before the · 
metathesis solution is transf~rred from the dissolver. 

' ,· .. 
. · 6.4. l.4o3 Fuel Dissolution, Storage and SamlHng~ and Feed Preparation • 
. · The mass of plutonium dissolved .in a single diss.o ut.ion cut i-s limited. This 
- is accomplished by operating procedure,: which specif•ie·s the· amount of n.itric · 

--- . acid to· be• added to the dissolver and the f.inal or·~nd-p.oint· concentration 
_- .· - (determined by SG measurement) of the dissolver solution. Precipitation., in·· .. 

. the·dissolvers is prevented by designating amaximumend-point-SG ·(ca-Jculated · 
, . to ensure a-final nitric acid concentration of at least 0.2M) and by super-. • 

•visory control of solution transfers- by means of the dissolver sequence ·sel~ · · 
. ecto.r. Adequacy of control of the uranium,·. plutonium, and nitric acid con".' 
· · centrations of the metal solution is verified by analysis of- the samples ·• · 
_ .taken in the accountability measurement tank (TK-05). - . _ . . 

Plut:onium mass .limits for the solution· storage vessels are_ not exceeded _ 
if dissolver operating limits and procedures are· followed.··· Plutonium .pre-· 
cipitation in.the solution storage,.sampling, and feed preparation tanks is 
prevented by the. use ·of "nuclear blanks" and the dissolver sequence selector~ 

- Restoration of a nuclear-blanked system is pennitted only after review and 
_approval by both ·engineering and operations management •. · · 

.. The procedure for transfer of plutonium- rework. solutions from TK-L 11 in 
• the PR room to the feed· preparation tank (TK-E6) requires supervisory appro

.. val for al 1 transfers. · The supervisor must review the- plutonium concentra-
. · tion in both·TK-E6 and TK-Lll, and specify the composition of the solution·· 

to be used as the motive fluid for the transfer jet~ If cadmium nitrate 
·-:,;.-_ ··solutionis used, it must be the proper·concentration-or an interlock will 

· prevent the pump from operating. If an .acid .solution is us·ed, ·the acid 
:. addition. system must be _unlocked. and the above interlock bypassed. These 
.. actions. requir!;! management approval.. · · · · ·· 

. . 

Coritrol of the-co~centration of hydrogen·generated by radiolysis fn the 
solution storage tanks to a safe concentration is assured by a combination' 
of air in-l~akage and air purgfog .through the instrument.air dip tube .lines. 

- . 6.4.2 Solvent Extraction 
' - . . . - '. . . ' 

The detafled chemic al. flowsheets used for sol vent extraction process- . 
ing in the PUREX Plant are discussed in References 11, 12, and ,15 

_··throu·gh 17. Flow .sketches are shown in Section 6~Ll. This: section dis-
·-. cusses the solvent:.extraction :systems. 

, 6~4~2.l ·Functional Description~ 

.· .. _ 6.4."2; l. l Codecontami nation System.' The c~decontami nation system 

... separates. the ·uranium and plutonium from t.he bulk of the radioactive FP; 
neptunium, and o:ther contaminants (Fig. 6-16). 
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The aqueous feed solution is received in batches in the HA feed tank.· 
·and, from there, is pumped continuously to the_ HA column. The uranium,, 
· plutonium, and a small fraction ( less th.an 0.1%) -of the FP are· extracted · 
into·the countercurrently flowing organic solvent.in the lower, extraction 
section of the HA column. · Most of the extracted FP and neptunium are 
scrubbed .back out of the organic solvent in the uppers or scrub portion of 

·. the column, and. th_e ·solvent, containing the ·uranium and plutonium pro~ . 
. . ducts, overflows ·out:the top. of the column to th~ partition coluinn feed 
_·. tank •. The aqueous wastestream; containing FP, americium, neptunium,· . 
. . .'nonradioactive chemical coJ1tamjnants, and a trace of the. product elements, 
. flows out of the bottom of the H.ltcol'umn to a receiver tank in- the waste· 

.. _ concentration and treatment system~ .The, aqueous· waste stream contains, 
· · typically, less than· 0~05% of the uranium. and p_lutonium,. about 95% of 'the · 

·-neptunium, greater than 99.99%-.of th~ nonvolatile FP and americium ih th~ 
feed stream. · · · · · · 

~:- · . . . 6.4.2. l .2. Partitioning System. The partftioni ng system separates 
e;,rc, .··_. p,lutonitJD from the uranium product sol uti.on. · Flow sheets of the parti-~- · . 

. :~:• tionjng-system are presented inFigures.6-17 and 6-l8c 

··, : ~ '' ' . , 

,. 
' ,• / . l' 

The organic product solution overflows from the HA. column into the 
: partition ( lBX) column feed tank and is mixed with the organic waste . 

strec»ns from the second and third plutonium cycles and the 18S column~ 
This organic solution ·is pumped into: .the bottom of the_ lBX column as the 

:- .lBXF stream where it contacts a countercurrently flowing aqueous-reducing 
solution containing nitric acid, ferrous sulfamate, and sulfariiic acid. · 
The plutonium is differentially .back-extracted into the aqueous phase,. ·0 ·· 

where it is- reduced to the nearly inextractable plutonium (III) valence 
.··and flows from the b·ottom of the column as the lBXP product stream. This 
· aqueous. product solution enters- the 18S column, where it is scrubbed with 
·fresh.organic solvent to remove res.idual uranium that is carried over from 
the lBX column. The scrubbed aqueous plutonium (lBP) solution js then_ 
routed to the_ second. plutonium cycle· feed (2AF) tar:ik for:- additional 

·decontamination from, uranium, neptuniu111, and. FP •• 

· The organic solution- from the lBX. column, containing .uranium, some. 
neptunium, and less than 0.5% of plutonium, overflows directly to the 

• bottom of··the lC column~ In t_he ]C column, t.he uranium, neptunium, and 
._ .• plutonium are.back-extracted, or stri_pp_ed,._into a countercurrent aqueous 

solution.· Tl'le organic raffinate fr'om. the lC column. is routed to solvent 
treatment system. l. . The aqueous product solution enters the tower of the 
TCU concentrator, where the organic· is steam; stripped before the aqueous 
is concentrated by a ·factor of about' seveh •.. The concentrated product 
(IUC) stream overflows to the final uranium cycle feed tank for final 
decontamination. · 

,·- -,'.,•,,:,'.,,_ 
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6.4.2. 1.3 Final Uranium Decontamination System. The function and 
operation of the final uranium decontamination system is very similar to 
that of the HA and lC columns and the lCU concentrator. The concentrated. 
uranium product (lCU) from the lCU concentrator (E-J8) flows to the final 

· uranium cycle feed tank (TK-Kl), where its composition is adjusted to 
2D column feed specifications. The final uranium decontamination system, 
shown schematically in Figure 6-19, separates the uranium from the neptu-
nium and residual plutonium and FP. This is achieved by selectively 
extracting the uranium into the organic solvent (in the extraction sec
tion), then "scrubbing" the solvent with an aqueous solution of 
hydro}(Ylamine nitrate reductant in the scrub section of the 2D column 
(T-K2). The uranium is stripped from the _organic solvent in the 2E column 
(T-K3) and concentrated t~ about 60% UNH i.n_the final_uranium _concentrator 
(E-K4). ·The UNH product is sampled for purity analysis, then transferred 
to the large-tanks in the 203-A area for interim storage until.it is 
shipped by tank truck to the U03 Plant. · 

The function of the 2EU concentrator is similar to the lCU concentrator, 
with the exception that the process condensate is sampled and analyzed for 

· radioisotope concentration and sent to the 216-A.;.10 underground crib for 
final disposal, instead of being recycled within the process. 

1he aqueous waste (2DW) stream from the 20 column contains the resid
ual plutonium and FP and about 90% of the neptunium contained iri the 2DF. 
The 20W stream is routed to the backcycle waste feed tank (TK-FlO) for pro-
cessing (described in Section 6.4.4.1.). · 

6.4.2.1.4 Second and Third Plutonium Decontamination Systems. The 
functions of the second and third plutonium decontamination systems are to 
effect further decontamination of the plutonium product from residual .uran
ium, neptunium, and FP. The aqueous plutonium (lBP) stream leaving the 
18S column is routed to the 2A feed tank (TK-J5), where it is chemically 
adjusted to 2A column feed specifications. In the second plutonium system 
(shown schematically in Fig. 6-20), the plutonium is reoxidized to the ex..; 

: tractable (plus IV) valence in .the feed tank; separated from the residual 
FP in the 2A column (T-Ll), and separated from the residual uranium and 
neptunium in the 28 column (T-L2). The plutonium product (2BP) stream 
overflows from the 2B column to the third plutonium system feed tank 
(TK-:L3), where it is adjusted .to 3A column feed specifications. 

The third plutonium system ( shown schematically in Fig. 6-21) effects 
the fi.nal purification of plutonium from FP in _a manner very similar- to 
that employed in the second plutonium system. 

The product stream from the 3B .column {38P) is line blended with fresh 
nitric acid to prevent plutonium polymer formation during steam stripping 
conducted in the 3BP stripping tower (T-L6), to remove entrained and sol
uble organic solvent. The partially conce_ntrated (by a factor of about 5) 
3BP is further concentrated (to about 350 g Pu/L) in the plutonium product 
concentrator (E-L7) and collected in the product receiver tank (TK-L8). 
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· . ·The overhead process conde~sates from the stripper and concentrator, · 
containing trace ·amounts of plutonium, are routed to the 3AF feed -tank.·· 

· .. _ Jhe cool fog water from the condensers is. routed: to the. cool fng ·water. . . 
~- header. · 

.... _ . -.T~e:-pJuton:ium product. s0Jutipn- 1s· v·acut.irn _transferred from TK-LB .to. a . 
:::sampJe·t.ank '(Tk;.;L9) in the PR 'room~. It is· sampled,· analyzed, ··and trans

.·.·.ferred to stor'age·for•_subsequent conversion to .plutonium:oxide. ·. Flushes 
. and ·out"".of-specif ic·ation plutonium are recycled to Tl<-E6 for reprocessing · 
through · the -entire sol vent extraction. sys_terri or· TK:;.;1.,3 for reprocessing · ·: · · .. 

· ·.thr·ough the third pluton'i'um system.: .. 
, ' ' . . ·'. 

·6~4_~:2.2 -_· Major Components • 

·•6.4.2.2~l -Codecontamination System~ .Tt:ie:,maj.or._equipment components: 
·of the· codecontamination system are the HA pulse.,column (T-H2) and the . 

·.o~!: . .-. HA feed tank (TK-Hl). . . . . . 
'--~--

•:. S ~. -·· . A typ ica1 :Hanford P.UREX pulse· col~rn!'l, such as the -HA column, is shown 
·_. · "'\m!l:&1··· · ·in Figure 6-22· ..... All·of the.PUREX·p(ilsecolumns are ver.tica.l·st·ainless · 

~- · steel·cylinders which, with the exception of .the :10-pulse. column, contain. 

',, .. ' 
. ' 

removable .cartridges. ·. The ca·rtridges consist ·of type 304L stail'.lless steel· 
or fluorothene:sieve plates, and type·J04L stainless steel ;nozz.le and lou-

. ver :plates mounted at fixed spacings ,on:· type 304L st_a.inless .steel tie rods. 
'Enlargements at. the ends _of a column pro_v.ide :resevoirs where phase separa"". 

: tion occurs. P.ulsi rig :of the liquid•·cOntents of all columns, except- 3A · a'nd · 
38 which are-pulsed with air, fs effected by a· mechanically driven,· recip- . 

•. e. rocating piston.acting·. upon· a liquid-filled pipe connected -to. the bottom 
. . of· the column. -The 3A ·and 38 columns are air pulsed ·by alternate applica-· 
.. ' tion and relief Of ai'r· pressure to a litjuid-:fill~ pipe ·(pulse leg} con"".· . 

:,nected to the bottom of the column~. Iridi vidual column. characteristics are 
given in Table 6-15 • 

. . . · . The HA feed tank: (TK-Hl )· is a 5,000"."gal stainless steel tank (Fig.·. 6-23.) 
sim;Jar in design._to most of. the pump. <1nd receiver tanks throughout PUREX, 
exc lLidi ng :Plutonium. product vessels •.. : The di mens ions,_ capac'it i es, and. . : 

· ,descriptions of· all of the process tanks·_are given in Table 6-16. 

. . · · 6~4~2~2 .• 2 · Partitioning System •. The partitioning system :is comprised• 
, of .. five major components: lBXF tank, T~-J3;JBX column, T-J6; · 18S column, 
T-J4;- lC:column, T.;.J?'; and lCU Concentrator, E-Js: -Vessel TK-J3 is idential 

·: to TK~Hl~ ,desc;ribed above and is jncluded in Table ,6-16. 

'._.. .· .The:1cu cori.centrator (Fig. 6-24) is a large-volume.·concentrator'of 
· standard design, consisting of .a the~mal··syphon reboiler surmounted by a 
bubblecap stripptng/deentrainment fewer~ The reboiler section consists -of 
two tube.bundle chambers, a stilling and overflow chamber, and a central 

· draft ·t_ube~ ·· Solut.ion circulates through the tube bundles from the draft 
tube by thermal syphon. The draft ··tube is eqµipped with baffles. for .deen-

. · trainment of liquid.droplets-from the- vapor overheads. The stripping/.·· 
>deeritrainment tower contains a deentrairiment pad and seven bubblecap trays.· 
'.The top tray functions• as a deentrainmen.ttrayand the other six. function-to 
.. strip residual organicfromthe lCU_streamwith.the .. vaporfrom the reboiler •. 

• - • • ' , , ~ • : ' r - •· • 

. -~- - -
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TABLE 6-15 •. S~l;~~t E'~tr-~ct'1on Column Data-. -· 
--"'--~-~-'---'-'----'--'--''-,---'-,-~- • I W "·"·'••·• o!,.i,,J\;;._ • •· ••,,; • •;,• ,,;_•,; .,·· • 

·cartridge s~i:tton dlrite_nslons · . Pul.ser lealcage i>l.sengag1ng·sectlcins 
Coluritri-· Diameter 

(In.) 
Height Volume. 
(ft) (gal) 

--~--------------·---- .,_, -·· 
Leakag,!. rate R'ric~lver -. Slie '( 1n. )·_ -Shape (g,11/m~n) V!!Ssel _L b~ H x H _or Dh by II 

__ ;,:_ .:. __ 

-~--------- ----+---+------+-,--,,--,---
HA (T-H2), 
extract Ion 
scrub 

lBX (T-J6) 

lC. (l~J7) 

2D (T-K2) 
extraction 
scrub• 

2E (T:-K3} 

18S (T-J4 

2A (l-Ll) , 
extract ton 
scrub 

: 28 (T-L2) 

3A (T-L4) 
extraction 
scrub 

JB (T-L5} 

2N (T-J22) 
extract Ion· 
scrub 

2P (T-J2J) 

26 
26 

32 

24 
-. 32 

34 

. 8 

7-

., 

4 

7 

7 

13.2 
18.1 

31. 

18 

13,9 
.13.2 

'18 

H.3 

?.0.9 
9.B 

23' 

20.3-
12,6 

2·1.s 

io 
11 

21 

365 
500 

1,295 

. 850 · 

325 
550 

850 

.35 

42 
20 

46 

13,3 
8.2 

14 

40 
22 

42 

. . . . 
Separate cartridges In 2D col111111, 

o._25 to 0.5 

·- 0,5 

0,25 

. o.s 

· .0.25 

~0.02 

· 0.05 

0,03 

0,05 

0,03 

TK-Gl 

TIC-111. 

JK;.cJJ -

TK-JS 

TK-JS 

tlor't'.znnta 1 cyl lnder tank 
Rec tangul al"_ box· · 

·,• ,• 

v·ert teal cyl lnder t.anit 
Rectangular box 

Vert lea 1 cyl Ind er' tank 
Rectangular box 

Hori zcirita 1 _cyl triiter t'ank 
Rectangular box 

Vert tea 1 'ctl Ind er tank 
Re~tangular box 

Horizontal slab 
Redangul ar. b_ox 

" ... - ' 

Horizontal shh 
Annu 1 ar cyH nder 

Horizontal' sl'ab-
Annular"cylfnde·r -

--
Annular cyl lnde'r 
Annular cyl fnder 

Annular cyltnde; 
Annular cyHnder 

.lS:5 by 80_ - _ 
_72 by 38 by 2'1 

32 hy,'\.24 _ 
72 by 36by 23 

48 .by 78 
72 by 38 by _24 

202 
408 

61 
l~l 

583 
91 

32 OD by 89 230 -
72 by 38 .by 24 216 

48_ by i8. _ · 583 
72 by 8 by 24_ .. 90 

66 by 24-by 3 ·30 .· 
36 b,)' 1~ by-24 •- - 42 

' -
62 by.35 by 3 _ . 21 
25_ ID by 29 00 by 14 . 18' 

54 by 28 by .3. 
31 by 37 by 25 

25. by 29 by 13 . 
14 by 1B_ by 23, 

14 by 18 by U 
14.by 18 hy 23 

· :19 
17 

9.6 
. 10. 

.5. 7 
12 

TK-F 10 llcirt zontal slab' 
Annular.cylinder 

52 by 40 by 3 
32' by 40 by 14 

24 . 
9 

TK-J21 Slab (bottom) 58 by 21 by 3 , 14 
g Annular cylfnder 32 by 40 by 14. · --~~--~-~---·-·-· __ ._._._ .. _ 

--fg- -
I -.-.· :c 

;:o V, 
IT1 I 
-<,V, 

w·?iL 
: I 
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TANKS REPRESENTED . · · • 

0-1.2.s; E-3.5.6. 
F3. 4. a. 10;· 12~ 13. · . 
1s •. 11 •. 1a. a-1.s •. tt-1., . 
J.t.3• K-1.5.6 . 

·. SD-HS;;;.,SAR-001. 
· .. ·:: •·· REV•-3 . 

·,CAPACJTY 5.000 gal · 

!:OIL OUTLET! 

111 STILLING CHAMBER 
121 · FOR FS TANK ONLY , 
131 , 4-i~. NOiZLES •. ALL OTHERS 3 in.'. 

RCP7909•50A· . 

· FIG4RE. 6-23~ Standard' Tank' (JO ft by 9' ft 3 in~·). 
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TABLE 6-16. 

Vessel Function Capacity 
(gal) 

TK-Hl HA column feed 5,000 
(HAF) 

' 

TK-Jl Backcycle concentrator 5,000 
{3WB) receiver and pump tank 

TK-J3 Partition column feed 5,000 
(lBXF) .. 

TK-J5 Second Pu 370 
(2AF) extraction feed 

TK-Kl Second U cycle 5,000 
(2DF) 

' 
feed 

TK-K5 U product 5,000 
(2EU) concentrator receiver 

TK-K6 U product pump tank 5,000 
(UNH) 
TK-L3 Third Pu cycle feed 120 
(3AF) 

TK-L8 Pu (NO) product .. 10 
(PCP) receiv~r4concentrator 

TK-F lO .Backcyc le collect ion and 5,000 
( 3WF) concentrator feed 

Tank Oes'criptions·~ 

Dimensions 

10 ft by 9 ft 3 in. 

10 ft by 9 ft 3 in. 

10 ft by 9 ft 3 f n. 

8 ft 6 in. OD by 8 ft 0 in. 
ID 

10 ft by 9 ft 3 in. 

lO ft by 9 ft 3 in. 

10 ft by 9 ft 3 in. 

34 in. OD by 30 in. rn 
by 12 ft ,.- ' 

Two barrels 4 in. by 8 ft 

10 ft by 9 ft 3 in. 

Comments 

Equipped with coil, 
twa. flanges (pump 
and.agitator) 
(Fig. 6-23) 
(Fig •. 6-23) 

(Fig. 6-23) 

Annular tank, geometri-
.cally favorable, 
agitated by air 
sparger (Fig. ·6-25) 
(Fig. 6-23) 

. (Fig. 6-23) 

(Fig. 6-23) 

Annular tink, g~om~trf-
cally favorable, 
agitated by air 

· sparger (Fig. 6-25) 
Geometricallj favorable 
(Fig. 6-26) 

(Fig. 6-23) 

V, 
. C 

I 
. :c 

;:tJ VJ. 
I'll I 
<VJ . )> 
w ;:tJ . 

I 
0 

. 0. 
•·I-' 
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·~· 

CONCENTRATOR DIMENSIONS 

HEIGHT. ·, . 30ft 
LENGTH· · · 17 ft 
WIDTH _ 11 ft 
.WEIGHT 41tons-, 
WITHOUT .REBOILERS · 

. OR CONDENSER) . 

. TOTAL ASSEMBLY 53 tons ' ._' . ' 

ONEOFlWO . 
REMOTELY REMOVABLE · 
CAMSTER-TYPE 

- REBOILERS: 63J. 
·rueES PER REBOILER. 

OVERFLOW CffAMBERJH1 

so~HS-SAR-001 · ·. 
. . REV: 3 --:yt 

lr' . ' 

·. , . REMOTELY 
\vmtin=::m::..~~.: . ,REMOVABLE-

. CONDENSER· •· 

. . -. ' ' 

1 in. BY 1~1/16 in. 
. RASCHIG RINGS . 

. . . 

TEFLON BELLOWS . 

RCP7,909-53 .. 

. FIGURE 6-24.. . PUREX' Con~entrator ( E-J8 J.nd E-K4). 
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:< .. ~: .. ,~·(,., ', 
'6A.2.2.3 Final Uranium Decontaniina{ion System. The major compo..:. 

nents of the final uranium decontamination system- are the 20· feed tank -
-(TK-Kl), the 20'.column (T-K2}; the 2E column (T-K3), the 2EU concentrator-· 

. (E-K4},'the.uraniurri product. (2UC)., receivertank ·(JK.;KS), and the LINH· _ 
product sample tank (TK-K6).. The :three· tanks- (TK.,;K-1, TK-KS, · and TK-K6) _ -. -

._·· ·-are standard;_ 5~000-gal-tan~s. _The 2D and 2E ct1lumns-are typicalsQlvent 
: extraction coltmfns similar ·to 'HA and 'JC columns~ respectively, and· the· ... 
_ --2EU conceritrator is jd_ent~cal · in· design to ·the lCU ccmcentrator. _. _ · 

. . . . 

. - 6.4.2~2.4 Second .and Third Plutonium Oeco.ntaminatfon Sys-terns~:; The·_ 
. major-components of 'the· s_econd and third plutonium systems consist of _ _ 

TK".".J5 (2A feedt"ank),TK-L3·(3A feeq tanR),·and'TK-L8 (nitrate· product,: ---
>_-_--- __ :_• __ ,_-___ . :receiver tan~); solvent- extraction and stripping columns,<' T:,;,Ll T2A) a!'ld 

i-L2 (28}-·:fsecond_ plutonium cycle),:, T-L4 .-(3A) and•T;.Ls (3B) {third,pluto- _ 
·' :~)'.':/. · . nium cycle) ;>the 3BP stripper.· (T ~L6), a~d ~he, 3BP, c_oncentrjltOr,•.(E-L7- l_). ' . 

--_ :·9:·_:··. :.-v~~sels that -handle solutions- which co~ld p-ossibly exceed: apluto~·ium 
- .cr,. _ -- concentration of 6 g/L are .designed-·to be ·geometri_cally favorable, and ·are 
:~ : · annular: vessels (Le~, .JK.,;J5) or: small:..di~eter- ·:yessels _(-Le., T .;L l or ' -- _ . -.. !:':!·~·-;,- TK-L8) •• - Vessels-TK-J5,-TK-L3~_and TK-L8 are shown· in'Figures-6-25,through·· 
ti'""'·- - ·6-27;- respectively, ana<are described-in- Table 6-16. · . · · - · 

-'.~,,: .. ,·:.'' . .. ' . 

. : . The. four :pulse- columns: are described-_ i~ ·Table 6~ 15~.: and shown - in 
- Figures. 6-28 through 6-31. -The second -plutonium sYstem columns have _ 

mechan_icaJ -pulsers and a. 7-:in •. JD •. 1:'he ~hird· plutonium system columns . 
have air pulsers and ·a 3.5-in. ID. Disengagi,:ig sections are of either 
.annular or•slab· (beavertail" type) design. - _ 

_ Th_e remaining 'two pieces· of equipme-nt are the 3BP stripper (T-Lfr) ·anc{ 
_the3BP Concentrator (E-L7-l) shown_ in F_igures 6-32 and6-33,respect.ively~ 
-Both are .. single-tube bundle, therinal-s·yphon evaporators and ·are designed 
to be geometrically favorable for a pluton.,um_concentrationof 450 g/L: or· -

-.. - _less. . . - - - - -

•·_ 6.4.2.3 _ Safety .Criteria and Assurance. This sect1on di_scusses the safety 
·• -aspects. of the· solvent extraction systems -and processes.· The process 
·. 'hazards analysis for solvent extraction .is shown, in Table 6-l7. 

·6-93. 
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FIGURE 6-25~ . 2AF Tank (TK-JS). 
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OVERFLOW 

I 
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FIGURE 6-26. 3A Feed Tank (TK-L3). 
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NOZZLE 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
p 

PP 

SIZE 

a in. 3WAY 
2 ill. 
4 in. 
2 in. 
2 in. 
2 in. 
3 in. 
2 in. 
3 in. 
3 in 
3 in 
3 in 
2 in. 
2 in. 
20 in 

NOZZLE IOENTIFICA TION 

FUNCTION 

BOTTOM & MID COLUMN PRESSURE TA.PS 
28X TO 28 COLUMN 
PULSE LEG 
2·e JET OUT TO flO 
2BS TO 2B COLUMN 
28WTO Jl 
VESSEL VENT 
28P TO Ll 
SPARE 
2BW SAMPLfH . 
ORGANIC SPECIFIC GRAVITY ANO TOP PRESSURE TAP 
INTERFACE FLOAT 
2BF (2API 
28S-HN0l 
FLANGE 

14h-1in. 

© 

® 

7in.l.D.-

1/4 in. 

REF. H·2·82t24 
T-liifJ-lZI 

LOUVER PLATE, 

38 SST SIEVE 
PIATES @ 2 in. C-C 

REF. H·2-ll2627 
RC-6 

16fl-Gin. 
IOOSST Sl!aVE 

i'UTE~ 
@2in.tl:•C 

QI~ .. 

23ft 

ELEVATION ASSEMBLY 

__t ___ .L-""'L-----,--------";~ REF. PLANE ElEVATION 674 h-4~ u:t-

·-·· -------- -~------· .. 
FIGURE 6-29. 28 Colu~n·:: 
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23-15/16 in. 
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37 ft 5-13/16 in. 

3AX FEED 

' 14 in. 

3AW AND COLUMN 
JET OUT ---__ ._ 

SD-HS-SAR-001 
-REV 3 

SPANO DP 

/ 3-WAV NOZZLEJ 

1 

.....___ 3AS FEED 

...----CARTRIDGE 

SPARE 

~3AF_FEED - '-

DIFFERENTIAL PRESSURE 

,4:;in.OD .' 

INTERFACE FLOAT 
(2-in. NOZZLE) 

AIR PULSER 

FIGURE 6-30. 3A Column (T-L4)·.-

6-99 

COLUMN OVERFLOW 

RCP7909-62 



., 

DP. 
. ' . . ' . 

. 26ft4~,_: 

" ~· :, .. 

~ . ' 

·'-;!'·,r.•J,j 

·;. ,. 

.AIR PULSE INLET 

FIGlJRE 9~JL · 38 Column (T'...LSl~ 
·. ,, . .-

.6-100 

. . 

.INTERFACE Fi.OAT 
(2-in. NOZZLE) 

~CP7909-63 . 



·-:~ •.LB. 
_·,~ .• 

. ~-· 
Q,,,:· 
~ 

'•,,: 

~J.·· , .... ~. 
·~~~st 
·.:~ 
-~ ...... 
-!,;· .... 

·CONDENSER 
(E-L6) 

. ·WATER IN 

FEED. 

··\ 

1 tt 3-1/B in. 

. SD-HS-SAR:..001 
REV 3 . 

'CONDENSATE OUT' ' 

. 3-in. SCH, 10 

B'ftOF 3/4 i~. TANTALUM · 
.. RASCHIG ,Rl!IIG PACKiNG 

,_ TEMPERATURE _(2~in. NOZZLE)·. 

' ' ' 

HIGH-PRESSURE 'WF 
AND HIGH-PRESSURE 
SG DIP TUBE 

FIGURE 6-32.. 3BP· Stripper (T-L6). _ · 

6-101'.· .• 

.·.~.· 

-~. 
'· .· 

···:_ .. :. , ; .·;:_·-- ·,, __ 

' ' ,.· 
. _, .· -' 

' WFAND SG 
. ', . ' 

'PROCESS. 
OUT 

RCP7909-64 



:~· 

_ i~c,: _· 
Or•,,,, ... __ ,, 

"<~ 

<' . 
·2&.ft 2.-.1/2 in: 

CONDENSER 
. (E-L7-2) 

. so.;;H~SAR~O(ll 
. -- REV/3/ 

CONDENSATE OUl'. 

·· - 3-in.SC!'.t 10 . ,,,,,<- .. 
. . ' _, 

. . . 
: . STEAM iN k<"·· ,: 

LOW-PRESSURE 
·. SG DIP TUBE-. 

7 ft 277/8 '"·' 

T'7 r· 

- ' . , ' 

HIGl-icPRESSURE 
__,. WF AND·HIGH~ 

PRESSURE·SG 
DIP TUBE 

. ,,-

FIGURf:6~33. 3BP. Concsntrator, CE:--l7.:.1) 

5.:.102 

·, 

WFANDSG 

.PROCESS 
OUT 

_ RCP7909-65 · 

~ .. 



.' ·- ,- ·. . 
.. a,.,.,., ... 

r>O 
.if.n 
~·~ 

.,,';; 

Q'7.;,, 
-~'. 
·~..Ji" 
-~_:;: 

. ·--~;..,"U, 
,~-~w_\;. 

\~---

. , . . 

. :TABLE G-17~ 

System or 
subsystem· · 

:SD-HS:0:SAR_.:.oo, 
··REV .. i.••· 

. . ,·' - . . . 

,;,-

Process :Hazards. Analysi s--so l v~nt Extractibn ~ . · (Sheet' l df ',2) , . 
, .Energy_, 

(hazard) 
Unwanted· energy f.low: 

{inc.ident) 
Consequence (·inmediate 

and/or,seconda,.y) 

· Barri_ers ,(design,, 
'.· · administrative, · 
, .·'safety devi.ces~ ·etc.) 

· Codecontamination·. Pu · Sustained 
'.' oversaturat I on 

Pu -to F6 , .co 1 umn instrllffl!nts;: waste 
:sa~le analysis 

,.Partition · 

Second Pu 

Solvent 

Solvent 

H2 radiolytic 

HA column feed 

Pu 

,Pu 

,J3 solvent 

lBXF 

UNH 

UNH 

lC solvent· 

:solvent 

Pu 

Leak 

: Hot 'vesse 1 

No dilution.air--
high FP , ' 

Coil. leak 

No ~uc:tint., 

Too much · reductant 

Leik 

Cot1 -leak, 

· Tube bilndle leak' 

Loss of J7 i:ontro 1, c 
solvent to.JS · 

1 CX temper<1ture out: of 
control 

, Ignition,' -. ' 

.Oxidant 'off 

Leak to f.loo,. ... 

Fi,.e-~equipment.damage, 
possible emfss'ion, 

·, Fire--equipment damage 
·· ~ssi_ble .emission 

. :,. -

: No · open I gn t t ion sourc4;!; 
·administrative P1"9Ce
dures; 1 ight water fire. 
suppression system 

:.Temperature measurenienf ._ .. - .· . '·," 

:·Explosiori~-equipinent damage,:' Purge air,' low FP 
stack 'emission · 

. : ' . . ,. . . ~ .. . . . . : . ' 

· .Radioactive contamin'ation to 
enviro1111ent 

Loss of partition 

I_ncreased Pu cillicelit,:at1on 

Fire ,In J3/J4/J6--equ1p11e11t' 
.da1111ge, emiss,ton 

E11isstoli 

Emission . 

Red.· o i 1--p·oteitt I a 1 
explosion, equipment'. 

:·damage, emission. , , 

i' ire--equ i;,ment damage, 
·possible emi,sion,·· · 

. Flre--eq~ipment damage, 
, 'possible emission. · 

P.'.J to oac.:'.~yc 1e 

One'level of cr.iticdifty 
prevent ion compromised, 

'Saqile analYsis; dive,.;.· 
·sion capability; ,admin
i strati ve procedures · 

.. lllo!litors and s,..les 

lllonftors and :s~les: 

· '.No open. source of. igni-, . 
, tlon; · 1 fght · water fire 

, -'suppression system· 

,Diversion; SMIPle 
· 1nilysis '. · 

Diversion• s~le''c· 
analysis·.•· 

. Interlocks, steam,con- •· · 

. -tro ls~ , tempe,.atur:e . ,. 
controls,.administra-
t ive ci:Jntro 1 of steam • 
s~rip feed · 

'Conde.nse,. subco<ils lCX; 
temoerature contra 1; ' , 

:tempel"ature nmnitor 

Tempel"atul"e contro·l s,. no 
open ignition source;· 
sprinkler system · 

M~111tn ... ~~m,, :~xi.da~t; 
, ZAW d 1 pha mon i tOT' 

Geometry, sump alarm,. 
· ce 1 l'. inspection; 

. I 
·. admi n i strati ve proce
·dures; and daub le con

, tingency Dl"inciple 

•.' 
'l ,. 
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-_ TABLE 6~17-~- .. Process .·Hazards- Aii'alysi s~~sol ~ent Extraction. 

Systea or: 
subsyste111 

Third Pu Cycle 

'. ,· ":·· 

Second U Cycle 

· Energy 
"(hazard) 

Pu 

Pu 

Solvent_,· 

Solvent: 

Solvent 

Unwaritecl ·energy f'iow 
· ( incident) 

·Large. sustained l_oss· 

Low; nitric to ,~trippi!~-

·Ignition, 

_ Spill or ieak-- _ 
Ignition 

Consequence _(lftllledlate 
md/or. secondary). · 

· Acciaulatlciif of .Pu in· 
, bilCkCyc le . .. 

Accmulation of' Pu In·_ -
codecontami nation 'and -
P~rtltio1_1ing cycles · 

,'Acc:mulatflin'of' Pu polymer;_ 
one,,•leval oFcr_iticaHty. 
prevention c_ompr.ised • 

vent syst~' pluggage-- ,,_ 
possible blowback into" 
pipe and opel'atlng (P&o). · 

:galle!"yf_cont~lnatloili , 
personnel exposun!l_ · 

. ."';-··.-·· ...... 

Acc:iaulatlon, plugg11ge, 
possible .red oil forniatlon_ 

·-·· • - < • 

Ffre. possible e111lss Ion,· 
0 equipment 0dnage- -

. . -· -

Fire·. equip111ent damage/ 
possible _emission 

_ Expiosion, equipment damage, 
- enisslon 

. 6:-.104 

Barriers (design. 
. administrative •. 
safety devices. etc.). 

:Adilinhtrat Ive _ Pl'OCedures 
and' saq1les; alpha·,.· -
lion I ,tor · 
A-lpha .and neutron:•i 

. ll!Onitors . 

_ G~try and ,Jo-., pol~r, 
denslty;'HN03 flow -
control; adm1nistrative 
procedures; double 
contingency prl~clple 

.'Geomet~y and ·low:polymer 
density; administrative· 
pl"Oc:edures _ · 

·stea (acld)strfp; 
·aminls~ratlve_pT"OCe-
dures on·L6 operatl~n 

-Temperature controls; .rio 
open Ignition -sour:ce; · 
sprinkler_ system _-

Temperature monitors' and 
controls; light water 
fire suppression -
_system · · 

Temperature, st~am' ~trip_,. 
and ·SG controls and. · 

. monitors; administra-, 
'. t hie pl".Oeedures ' 

:,.',.' 
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· . 6~4~2!3.l Nuclear Cr.iticallty Prevention. 

•-·-.HA Column· -

-,-_·, Nµcl,ear criticality;:prevention ,in the HA column (T-H~) is_ based' - ' 
on conce·ntratio_n control [i.e., the plutonium concentrat jon is -

··-mai'ntained at an always-safe·value -(6' g Pu/L)J. Accidental·pre-
. _ cip;ltation is not foreseeabl~, since no prec,ipitattng ·agents are· 

--. ·•:/piped to the column, nor can arnechariismfor·introducirig_·.p_recipi~ 
- ·tati ng :agents to the column be postulated.· To. ·assure tn·at ipl uto.;. 

. nium fs · always less:·than. ·6'-9/.L~ :the fee~ to the column -must be·· · · · 
·,brought in. at -a concentrat-ionJess thc1n:-that .value and not per:-. 
'mitteo to: concentrate iri the :column. -- · · - ··- - · 

. The maximum. organic-phase uranium- ·(or··plutonium) concentration· 
· poss5ble; with- the solvent 1'00% saturated -is 124 g/L.: Tne maxi

mum permissible plutonium concentrafio~ :in-solution is 6 g/L~- ... 
.-.· The maximum safe :plutonium-to-uranium:·r·atio in .the. aqueous phase ·_ 

_ would,_therefore, be equal to 6/124-6 -= 0.051,--provided the· __ 
· ·- . __ -_extractabilities·_ of plutonium:. and -_uranium were equal (Eq •. 6-5). 

- .iThe ratio of the distribution coefficients under_ the flowsheet _ 
·-·-- _conditforis of the PUREX HA column, however, is ·only :about 0.25. 

The .actual niaxinium·safe plutonium-uranium ratio in the HA column 
· feed ·solution in _the absence-of precipitation~,therefcire, ,is.on·-· 
'. the :_order of. ·200 kg P~/t of uranium~ . Even in the •extremely . · 
· unlikely event that the plutonium-uranium.ratio were to exceed 
the above value,· the organic flow rate· would have to be .less , 
than the aqueous ·.flow rate ·for plutonium· to. concentr_ate in the 
organic. _ The.normal organic-to~aqueous flow rate is about 
2.2 .t_o l. Administrative· limits and controls are in place to 

. pr·eve·nt ·either. of the above- error conditions from occurr_ing. . 

If the- HAS- acidity were to decreas~ s~gnificantly (more.than 
• 80%) from the f-lowsheet concentration, plutoni1.1m polymer could-_-. 
- poss1b.ly form _in the top of the_ HA column, which would ·result in 

increased HAW plutonium loss·es and/or plating :out of polymer· .. 
. · "4ithin the column •. ·An .in-line conductivity ;meter· is used. to-. 
-_ continuously measure the·n_itricacid concentration in the HAS 

·stream and an alann wi 11 sound in ,the ·-event the ac.id concentra
tion -decreases below.established limits.-· 

•• _- lBXF Tank 

. N·uclear criticality preventfon in the .lBXF-tank :(TK-J3) 'is. based 
on the prevention of precipitation. The limit', if precipitation 

• _ were· to occur, -assumes that· the ··precipitate· would be arranged in 
the worst credible configuration (i.e., piled at a 45:-degree ·· 

_. slope against the .bottom of the tank wall). The possibility of 
· accumulating sufficient pJutonium- in TK"'.'JJ to exceed ·the mass 

limit is extremely .remote. · Existing ,operating controls for·. 
upstream equipment and processes wi 11 prevent the. mass limit in · 
TK~J3 · from .. being _ e?{ceeded • 

. . -6-105 · 
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The selective· ,stripping.<cif·: P.lu,to'n~Llm from,the .t>rgan'ic ph~se in 
the lBXF .pump·. tank by an aquebu$:.·solutioniwas c:on·sidered and • · 

, determined not. to present. a· hazard, provided the aqueous solu~·' 
. tion does not _contain a· plutonium~redlicing agent. · Any other . . 
: aqueous ·solution wi 11. also· strip enough· nitric acid and •ur_anium : 

· .from the organ iC: to prevent the pl utan i uin f ram reaching an . 
unsafe concentration.< An,·.accumiJla:tion of:' aqueous solution t.h 

.. TK-J3•is undes·frableJroni a j:)rocesf~ont~ol 'standp9int, h'o~ever, .. 
. because of the effect :llilugs 11 of. aqueous·. or: alterriatfog. ·aqueous. 
. . arid organic phases ·ente'ring;;th~- lBX .colurim wouJd' have on:.opera:.;.·• 

. 'ting contra l of the co]tlmh. ' For:•:thi s ,, asi weJ r: as other'" P.rcicess 
· reasons,.,the agitatqr· is .oPera:ted:w.henever, :the: 18.X column: ai'Jd . 
:rnxF pump are oper~rti ng/ .. . . . . . . , 

Recycle of excessive' pl utonfum to: the ',lBXF ;tank ·could~ :fiasJb lJ/ . 
result.in the·:accumulation· ,af 'an.' unsafe mass,•'of plutonfum if •·, . 
phase separation were to occur. . However·~ the normal inventory 

· of, plutonium•· in T~..;J3 i$ ncirmaJlyJess · than• 10%. ·of the ,maximum· 
saf~ mass'·and less·.·than_ 1~% o.f_ the allowable riiass 11l"th~ t __ ank, . · 

· and 100% recyc.le would have :to .~anti nue for more ithan l?' h_. '. · ,_.. •. 
: before _the· al lowab l.e· mas:S, limtt · coul q, be:, exc·eeded .;. Th i-s · -is< not ·· · · 

·• .. a-credible event •. ::The· fn-lfrte plutonium monitors and·routine 
. : · process sample, analyses.would. proviq~ ·warning ·of a: proces's'· prob- ; 

·-.. lem long before the mass limit i.s .exceeded. Unsafe·. so-lution · 
.. concentrations. 1n organic recycle .St".'eams · are· addressed later in 

this section. · · · · · 

~ lBX Column: 

. Cri'ticalit;. pfevention .in 'the 32-in~ ~<:1ia111eter.JBX' column .is . . · 
.. ·•. based· on 'admini-~trative contrbl of the·plutonium concentration. 
· _ .· to no greater· than the .a·lway.s~s·afe ·\ial ue of :6 .. g/L.' Uncontr,o l leq. ·· · 

.concentration of -the plutb'nium' in the' lBX cqlumn:can,: o<;cur by . 
·either precipitation and settling o_r by selective. stripping into 
the aqueous phase~ ,·..Precipitation is prevented. by. administrative' 
controls, -as discussed · fur~her_' i-n th.is. sect ion. : 

. P·luto~ium.conceht;.ation by .seJect'i~e: stri,pj)ing: ocdirs ·ct.uring:, ·. . 
.ur:aniuril-:-.plutonium partitioning~, as:·the, plu.t,onium is reduced from< 
. its ·readily .e·xtractabJe ( IV.'). .va·lence~ · This ··reduction can .be· ... --.·. 
ac'compJished'·~·ith severat·agents: 'the reducing agent ·used· in the_ 

• lBX',column _,s· ferrous scilfamate~ with 'sulfamic acid: added as a· ,, 
11hol.d'ing:>redudant 11 J:o,. react wlth the nitrite-ion present in the-·-. 
lBXF solution.and prevent premature .oxtda:tiori'of the ferrous 

. ion-: ·Pluton.ium. is .quanfitati veJi.reduc·ed by ferrous .sulfamate 
: {i.e.,: .-1 rrol of f.e.rrous ion w.i ll re~uce _ 1 mol of plutonium),~ . . . 

. Thus,. plutonium concentration fpJhe lBX column, in the absence. , .. 
" of· internal. refluxing, can be eqsily controlled by regulating ,the > 

. _·. :ratio 9f ·lBXJloW.'to JBXF:,flow., A miriimum~flow alarm-' is also _ . 
. · >. inst·alled on the: lBXP flow system: fqr' redundant sa:f~ty. Cess.a:- ~: 

·. tion or• a-·reducticm ini ·lBXP ,flow could .. cause an·'accumul at ion. 
•· /:;af,:.plut:onfum tnithe: l BX'.cofomn·~ 
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Nitrite.<ion in the presenc·e· of ·nit-ric acid :c~uses -the neat in~ 
stantaneous·oxidation of plutonium ,{III-) and ferrous· Jon., and.is 
ysed to -oxidi :ze the plutonium_ JIII) to plutonium (JV).;' jn the . · 
second plutonium.system-feed'.·(2AF) .tank.- Nltrite ,ion·readily·. 
_ex.tracts into .. the organic sol vent: an·d, •thus, .excess nitrite in .. 
the 2AF. streanl. wfl l be_ ,carri-ed over i.nto the 28. column, react· . 

. with the reduct ants. 11'.1 the 2BX str·ea111, arid inter.fer~ with pl u- __ 
-. toriium stripping. · If:,the· excess is great .. or -.if the- reduttants, . 

. __ .·. are absent tn the: 2BX, the: nitrite. wouJp be recycled: with the · . 
. . -organic waste·. (28W) stre_am bac:lc into ·the: iBXf tank~ This· mech~. · 
' ·.·. ani sm ,is .. one poss-i ble 'Cause 'of ,partition failure~-- The. recyC'led 

.n:itrite, would, in turn, be pumped into the bottom of the ·:1Bx ·col
·.i:unn· and, ff--sufficient nitrite.were available, destroy the:sul- .•. 

· - ·f.arilate ion..;holding '.reductant and reoxJdJze the.-phitoniurn, causing 
• - it to_ reextract. into the ·organic solvent. , The worst-envisioned 
. reflux condition in the lBX .column would 'involve the complete :_ 

· . ide_struction · of both. the ferrous· sul famate and. holding._ re.duct ant 
-... ' in ·-the ·lower· portion of the· column.· • This would ca't.ise -oxidation 

.. ·' of plutonium to the. extractable (plus .IVJ valence at the be>ttom 
of the column,.-thus preventing plutonium from -leaving·with the 

. · aqueous: lBXP stream. · Concurrently,- th.e ·ferrous_ ion entering in 
.. the lBX stream at· -the _.top of .the col uinn, woµld. reduce :the· phito._ 

.ri_ium' to the iilextractable (plus III) .valence· and ·prevent us·· 
ex.itillg with the-(uranium-bearing). organic-lBU str~am •. An . : 
·internal refJux .. of-, plutonium· would, thus,_ be··. initiated. an_d ton..:.· 
. ti'nued • until 'the concentration increased sufficiently to. consume · 
all of the ferrous .ion, entering the column.~. At that point, all . ·· 

· additional plutonium would exit·"with the organic ·lBU. stream. · 
· .The·ferrous ion concentration in lBX is limited to a m·aximum of-· 
. 0.03M to permit: partition fai,lure and P.li.ltonium lOS·S to the 
· org·anic lBU stream before an unsafe •Conc·entr-atio.n is reached in ·. 

· · the- lBX column·. · · · · 

· Additional control· is provided by 'three neutron ·.monitors mounted 
on the l BX co 1 umn ( 5, 10, · and 15 ft above the bottom of the col-

... umn) •. · -The plutonium concentrati.on in the column increases·· _ 
:gradually··from the top\.:-down to a,point near'theJocation·of_ the.· 

·. :lciwer monitor, then. increases more rapidly bet'ween this point· : • 
.. and-· .the. bottom of• the ·column. '. Jh.e-. neutron monitors would prqvide 

a .. rapid indication: of any change. in :the location of -this "point 
· _of inflection" or change in"the p·lutonium ccincentratiori .gradient. · 

The monitors are useful in detecting incipient loss of _partition
'.ing. and in··preventing excessive plutonium .contamination 'in the 
uranium stream, but are not requ_ired for criticality prevention. 

· Process control, in general, ·and ·safety, indirectly, are iacili
tated by i n.;;li ne plutonium monitors on the lBXP, lBP, and lBSU 
streams. These·monitors provide a continuous and instantaneous 
indication of piutonium concentration changes in the.respective 
streams -and,. in conjunction with the ·column plutonium monitors, · 
an indication of the amount of plutoni.um reflux·ing or recycling 
ii, the s.ys tern. •· · · · · 
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· .• · 18S Column. 

The· 8-in~"."diameter lBS column; is geometrically f~vorable for plu.;, 
tonium solution up- to 450 -g/L, except for the upper disengaging._ 
section, wh_ich _ is .a box, 18 .in. wide by ~6 .fn. long _by 24 in~ hi,gh. 
The upper.diseng,aging section is safe for solutions up'.to about, 

: ·12 g[L. The. safety of the· aqueous-contim.ious lBS column is<ba~ed: __ .. 
. on the pJutonium concentratfon control determined byJhe lBX··and, :·: · 
· 18S column operations_. .· · · · · · ·: .. · . · ···•·• 

· Th'e -lss:,prg,an:ic -~tream'' e~tr~cts~ t'he:·u'rarl-iurn-,froin· the" aqueous- :1:sxi>C . 
· ·and recyc-.les · the :uranfom:and: some plutdn.ium ·tp ·-the::lBX·••f eed0.:tar:ik· > 
(TK-J3) •. · As was ·discussed_pre'vfousJy,· ~he plutonium present in· 

. the plus· III valence will ·-convert to- plutonium plus 1v· if adequate 
· holding reductant is·not present.· This plutonium .(plus IV) ·wi_ll ·_ .. 
·extract into the organic· 18S wittl' the uranium and ,recycle to the 

•. lBXF tank. To ensure that the. plutonium :·could not concentrate in ·· 
- _ the upper :section;·of the-.l~s-·column, adBS/JBXP· ratioi 9f at Jeast: · 

one is maintained. -A ·low~flow alarm is··provided. for the · las· stream.- - . . . . . . . . . . . . -. •. ·- . 

· • .-·· 1c Column · 
. ' . . ' . ,. :·: ... 

Criticality prevention in the' lC cohimn ,,s based .on -the preven~' 
". tiQi'l of precipitat.fon. of,arf unsafe mass of plutonium.. The operat-

. ing safety limit is l,-l70. g of· plutonitJm';'and is· Jarge · enough· that. · 
· ·a sustained"l00% "lossll to the lBU ·stream could .be safely taler;.. 
- ated fo· the lC columri~ · ,rf, a. partitjdn·failure were preceded by · , ·: 

.. reflwdng of: plutonium ·in the: lBX c.olumn to the· max'"i.mum safe, con- .... 
· , c.entration ':· however · the safe·-niass ~1 imi t-·would: be exceeded· in the · ·. 

: ' ' ' ' , '; ' ' , ' ' ' ' ' ' ,·. ' ' ' ' 
__ . lC col.umn. fn -less than 2 min •. The sc;enar_io .described above woul~ _. 
• -.have to continue for; at least .24_JJ, however;:. before :·a, si g·ntficant < .. 

.. quantity of plutonium would: .be carried over with the-:,organic. · The· · 
condition would :be mariifested. by numerous· instruments, a~ well as 

,sample analyses,- and operati_ng controls_are estabJi.shed·.topr·e~ 
. elude .·its occurrence:.. ·· · · 

.. ·· A.morelikely,cause of,parti.tio'n•failure.is ,t~e·use of ·a:batch of 
' lBX-so.lution in whk~ the·reductantor holding're_ductant is mis-. 

ising. The norm<1J plutonium inventory-·.{11 the ·lBX column,· estimated 
.-··••-. to be of.the order.of·soo·to 1,000 g,' would not:be carried over: 

; to· the· 1c.· column ;n a di sti net ":slug; 11 but wouJ d '1b·leed 11 slowly; 
._ with the· concentration in the lBU _stream increasing graduany. 
._ overc'a period- of _6 to.-8. h~ Ample warning of. the problem would be· 

-_ provided by, various monitors·.and, -even~i'n_ .the·absenqe• of the-. 
·: instrument i.nc;i1c·ations, it. is ext~em~ly unli~ely th_at the 1C--col-

umn plutonium· 1 imit would· be< exceeded. . 
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. • lCU'-Concentrator 

- .' The ]arg~ •lCU ccmcentratof ;(E-JB)'wjth a flaf bottom·:.fo -the .·tube 
bundle· area~ as well as ·tne _cer1tericylinder,.-is. subcritical with· 

.. accidental precip_itation of ·at ·least •several kilograms of 
· p:l,Litonju!JI;. · · · · · · · 

There •a·re no chemical·addition lines ;installed• to 'thjS concen.:. 
·· .. trator, - and·· acc·idental precipitatjori 'is not credible. ·However~ 
· p.lutonium p_olymer -could -form ·1n ·tt:ie tower at t_he boiling ''l;empe·r~ · 
- atures encountered there. .If the· ·polymer wer:e a co1 lo:ida l ,SUS"'.' 

.. : pension (the·,most.·likely case), .it would remaifr with·•tHe dilute . 
:.· :- uranfum solution -and- flow :to the'. reboi ler. section- of· the .. concen- · . 

;t}'.'atorand redi.ssolve under condi.tionsequivalent,to·greater •.· .. ·· 
_than·6M.HN03.·: If'.the plutonium.polymer were to-prectpitate: -· 
_ upon the horizontal ·surfaces.of.the tower, it would be· subcriti-. 
· cal for_:an excess of 10~ kg ·.of ·pl1,.1tonium under conditions of. a . · 
, resuspension ·accident: (during subsequent.flushing) •. If the -
polymer were to ·plate out uniformally on all surfaces, it would 

-be-safe for much more than the 10·-kg value._ 
. ' . " ' ' ' . . ' . -, ' .' ~ 

-·--. ·_.To acqutre :10.·kg of ,plutcinium:in the. lCU t·ower would: requi~e :a-_ 
· . 'tota1:·1BX· column. :loss.· of -10 h •. Routine lBU- sample' analysis 

' would-;have warned of the problerp even if the plutoni_um monitors· 
•.on :fhe plutonium streams and lBX .columr:i· had not. · These monitors . 
. · would indJc ate a lBX·. column reflux: long before significant quan-_ . • 
· ·tit1es of p]utonium,could reach t,he· lBU :ex.it port. __ ··.· · : 

-·. ··The formation of plutonium polymer in the lCU .concentratCJr tower 
has not been a problem in the years of-operating experience at 
.the :PUREX. Pl ant. . . 

t - " 

. t,·.Final Uranium Cycle Vessels 

Critical'ity p~ev~ntion in the final u~anium.cycle ·ve.ssels is 
based. 01'1 the. prevention of predpitation of an. unsafe .mass of 
pJutonium. ,Pl~tonium ~a~s limits for_the·vessels-of:the final· 

· .. ·uranium decontainin.ation:system ,are· as fol.lows: · · 

· - 2DF tank (TK-Kl), :12,400 g- -

·20 column (T-K2), 870 g 

·2E ·column (T-K3h 1,450 g 

2EU concentrator (T-K4), ·7~100 g. 

2UC~~ecei~er t~nk (TK-K5),-12,400 g 

·2uc sampler tank (TK-K6), 12,400 g 
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. - The -20F tank ·nonnally:c:ontai~s Jer)f.],1ttJe {~b.out60 g') pluto_-- .· 
. ·nium. ·. Assuming the wo.rst fdr,s~eable ·methanfsm of precipitation .· 
·, .in an -agitated' vessel, jt would be. suti~ritical.with greater. than· 

·- -, .. 12 kg; no mechanism is· envisioned by which plutonium would be 
, precipitated in the tanko . . . 

' ' .. · ' , ... 

,The.ura!'liumiproduct· specifications: deli_neate, a:~aximl!m of 1·0: parts -
plutonium per billion parts uran1um· in the fJnal·p·roduct •. ,This · . 
degree of purity cannot be. achieved. if the plutonium contamination·.• · · 

.• i-n the. feed·. to the fi naL uranium·.system exceeds. about· 2% of 'that·,:· . 
· in. the .-,feed to t~e .solvent.:extrac:_tio_nJ;ystem~·. ttfe Jinal._µranium > 

· · deCbnt'amination · system Js\:, therefore;·· normal:ly shut. down· before · 
.· .the ·plutonium inve·ntory in the feed tank. exceeds 500 g,. and_. the··· · 

. : .uraniunis ·recycled back.to the f~ecl-.makeup:fank {TK,;.E6ffor ,_. · 
.. reprocessing through. the- .partjtion;ing.·systerri.'. • . · .. ·.·. · .. · .. ·. •· 

' " ' . ' ' , . . . . .. 

•· The ~ormal plutonium inventory .in the 20. column ·is ,cm the order . . ._ . 
of a .thousand-fold .less ·-than the ma·~im_um safe:mass •. The possf- : :: :· • ., 
bility of the ·s_afe mass pefng .exceeded is not .credib'le ·with the ... - · 
numerous monitors; ~nalyses, : and operciting coptro ls in effect -· · · · 

··. upstream of the- 20 column. · · ·.. · · 

··Jhe·34_;in.:..dfameter 2E :column •is::som~what 'safer.thah the .. 20 column::: 
<.because of the. larger effective cross-sectional' area of the• bottom 
· di sengagfrig' sedjon:. of the .2E· column •. As with ·the 20 column, :.a· 
· nuclear·-criticality. excurs•ion in the. 2E col uinn -is riot Cons1dered:~ 
.. t,o be credible. · · · 

:. _.:.. .-. .-J -- • i.·r .:;: · . 
. The-2EU conc:entrator'~, like:E-J8~· is' safe for. ki.logram quantit;ies 

. of, p1utonTum :based -upon- ·uniform -p·recip.itatidn• :in a safe slab~ · . 
. . ,However; since:'no .plut_onium:is d~si.red'in• the µranit:1m product, . 

-the second _ur:anfom•,cyc.le ts norm~llY:shut ,down, befo're gram.JfLian
,titi'es':are intr'qduced to .the prodµct vessels •.. The product tan.ks 

· (TK:.Ks and TK-l\6)'a_re also.:·saf~ for kilogram quantities qf -plu-:-
., tonium ·as are the UNH::solutidn storage, tanks. However·, no sig- •. 

•· n:i.f icant; quantities' of pJutonium will be. introduced- into these 
tanks~ · · · · , · ·· · · · · · 

•. _Pluionfom D:eco~tami na~,~-"li System, ,'_ ,· 

/-i:All"l/~sse1{ bf thip1~l6n ium' det~nt~mi nation sysfem,. e~cept. for 
.. /:th~f2AF.tank·;(JK-J5),and:the diser1gagirig sections of ·the 2B col-- - •.. •·· 

>';umn {T~L2) are: geometric,ally, .favorable for plutonium up to ·450 g/L ... 
·cqri,centration and_ subcritjc-al for p_lutohium precipitation to a 

.·. _density up.t(l 2 g/cm3 .. whi-le nominally reflected.i The 2A and 
... /2B columns are the. ·-largest (] in._ diameter) and are the restric- · : 

ti.ve c'ases. · · · 

. ' • '~ _'-,I ' • 
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. ·ihe :2AF '•tank is an annular v~ssel _.: The :nOmi nal ·2~is-in ~~wide .· 
:., annular dimension has .a·maxinium·width·.of 3.03 in.• in a limited 

. segment. . The concrete center. annul us fso l ates the segments of · 
· . annul us from each· 0th.er .and th~ ·centra:l pump boot.. Although the 

· .. · .• ·vessel is geometrically'favorable for-40 g/L. plutonium, pr:ov-ided . 
. minimum acidity requirements are met, the .pl'utonium concentration 

is restricted.to 6 g/L,- as-the tank is over the J cell sump system 
(se,e .s·ection 6.5.3). . _ . _ , 

'The "athe'r. vessels in the s·ecorid and' third plutonflirri ,cyc·les are 
·• ·geometrical-ly favorabl~ and located over -eith~r the S~K surnp, :_ -- , . 
• , (T-UJ, or· the ,SLL · sump ,.-in the' canyon, :both of ·which·. are: favorable 
. Jor- 450 g/1: plutonium~ .. The dimens.ions of these vessels are listed 
, in Table 6-18. · · - · · 

.'·An accident/error. condition t_l1.at could feasibly occur<in the plu- :, 
. tonium decontamination system ,involves loss of.:the 3BP..;HN03: flow -

'an·~ the consequent polymerfzat.ion of plutonium -in the plutonium. 
'stripper (T-L6). Continued operation·:in this .manner could ·result, · 

: in plugging. of the stripper and backup ()f ·3BP_ solution and pluto-
nium polymer into condenser E-L6;. l •.. The' .3BP nitric acid low flow · 

. :.· alanri reduces the-probability of the above condition -continuing -
for- an extend~d period •. Reactivity c;:al~ulati<?ns using ~he Monte 
Car.lo neutron,cs ·computer.code, KENOl_2lJ, · and. ,conservative .· , . 
assumptions* regarding the·· cond'it ions,; n the Stripper · and :·con.:• .. 
denser vessels "yielded values for Reff ,<of 0.93 or less· •. : Even -
:under the ·conservative conditions assumed, a single additional 
.error or acc.ident· condition, such as·water mist in .1:he cell ,or a 
vessel failure does not result in a .ke.ff· in ·excess of 0.95.· 

. ·• ·.. 6~4~2·.3.2 Containment and. Personnel Exposure •.. All solvent extrac-: 
·· ·tion operations are remotely conducted within heavily shielded cells in the 

. 202-A PUREX Plant canyon. The: likelihood "Of· personnel expos4re to 
· .·' rad.iation is'.. very low •. Provisions ar,e. made to preclude tran~port of .. 

. radioactive solutions back .UP into the operating-gallery. to which personnel 
. have routine access. ·These provisions include the elevatior:i of the· .. 

·· \ ·operatfog gallery- above the process equipment, ·seal.pots .. on 1 i quid addition · 
· lit}es from the operating·gallery to process vessels, air purging all · 

· .· pneumatic. instrument. lines from the ·operating gallery to the canyqn. . . · . 
v·essel~, and a,ir purging steam lines to concentrator tube bundles and to . 
steam.jets when.ever'the steam is shut off •. Despite these provis-ions, . 
11 suckl5acks II have, occurred on occasion. · Howeve·r, the amount of materi a.l · and •· 

..•. attendant radiation are generally low -·and .the contami.nati'on .is generally· 
confined·.to the pipi.ng immediately adjacent to the canyon:wall. 

· *A.proouct concentration of 1,000 ·g/L so1ution plus polymer, a neutron 
• reflection equivalent to l in. WG~ and a·total mass of 500 kg of plutonium 

in·T-L6 andE"".L7-1 •. 
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TABLE 6-10· .. ~ P}~!~n1lMD C~c;le Vessels. 
Location 

··w.Js 
T-:ll -. . . . 

Oisengiigers 

- T-L2 : 

Jop _di seng'ager 

Annular" 
C.yl inder: 

slab 

.Cylinder 
Annula·r 

Dimensions As built (n:iaximum) 

9-ft _OD, 2-3/4-{n; _ annulus 3;03;,iii·. annu11.1·~ --

7-in. ID 

3-in. thick_ (Jiiside) beav.er.: 
tail 

- 1-111. m 
J-rn.· anhulu·s- ·. 3.03-i_n. :annulus 

. Bot ton, di seng'a[Jer -Slab 3--in. thick (inside) beaver-
· tail - -

-TK-L3_;, 

'I _,, .~, • 

J~L.5 •.• 

Ciisengagers 

T-l6 .- . 

E-:L7-1 ·. 

E-L~ .-. 
E-L7-'2 · 

TK-L8 

TK-L9 

TK-L 11. 
TK-Ll3 

·.Annular 

- _-:~yl inder 
AnnuJar --.· . 

Cyl i~der 

Annular>! 

Two· cylinders 

Tube bundle 

_3_4-hi. OD, 2-in, annulus 
4..:in. _OD. 
29-fo; CID) 2-,.in. annulus· 

IB~in~ _oci, 2'--in~ annulus 
4-in. oo· 
lB~in.,' 2-i~:- ~nnul;us 

' :·, ' , q •• 

·-18~in.~ 2-1~. ~nnulus .. -

4~_1/2-in~. oo, 3_0-in. ce~ters: 
·. 10·tub~s~ 3/4~in. OD: 

2.0_5-fn~ -annul~s-

3,55-iri. ID 
•·.; ,:; . 

· ,2~0(),-jn. annulus·,,-

-~~98~~n~ annulus 
3_. 55!in: io'-
2.00,.fn,· an_nu_lus -· 

_4.26-'fo, J'o. 

-Same as stripper _without pack~d .s~ction , -

·CyJinde~ _·>-: .· - _6 in. ~ith'to tubes·.,t in.·oo- 6~25-tn·. ID 
-Same 

Two _cylinders 4 l/2-tn: oo. 30:.111. ,centers 4,26-in~ ID 

Thr.ee.cylinders. 5 1/2-in. -oo·, 24:.fn. :centers 5~05-fn. 1,0 
Thr-ee ~ylinde~s 4 _1/2-in. OQ_. 29-iri. centers 4!o~~t"-· Jo 

·Cylinder 5 1/2-ih. OD 5;05-,,i_n\ " _ID 
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. 5··~4.2:J~a \ Solvent Flamrnabiitty :and Exp,losion. Pot~nt,ial •.. ·the·.PUREX .. 
. : process~organic solvent consists :Of 30 vol%. TBP in NPH diluerit. · The TBP' .. 

. is considerably less volati.le . .(flashpoint 146°C) than NPH {flashpoint·· 
• 80°C) •. The p_roperties of the. NPH dil ueiit are, therefore, considered to be 

·. control1 i ng;with' respect to. sol, vent flammability~: 
.. ,. ·1 . 

·. \·•The .NPH·i;s ·a:mixture of fiv·~ s~tu.rated; st~~ight:O,chain hydrocarbons 
· composed· of .10 to l4 carbon .atoms· per molecule.'• The purchase speci.fica~ 
· tions re qui re a minimum of 99 vo 1% of ·the C10 to c14 constituents and .· 
a ·mi_n imum .fl_ashpoint of '80°C.: For ,kerosene-type hydrocarbons, gaseous 

.)mi xtifr¢s .conta:i ni ng · 33% water· vapor are· not. flammable: under ·any ·· ·· · 

.'.. conditions.>.;When, water yapor is present. as a ;separate .phase, dilution '.to 
,.· _·greater than 33% .water v.apor is ·read:1ed at'.,72°C; thus the NPH-wat.er-air-~' ·gb.: '·::,sys_ten/i.s ·not':'flammable. ·· · · · 

· ~- '.· · ;lri,·addi.tion to ·the potential· for :vapor flamniabi-lity, consideration 
o.~: · : .. ,. must be- given to the potential of, aerosol flammability.· For. kerosene-type 
-~. .. ·:;hydrocarbons, ·aerosol:.flammability may occur at -a-con·cerjtration·of·46.mg/l'·. < ~-- ,·and at ··.all _process temperatures :UP to 90°C,· ,at, which temperature. aerosol . 

· ··"""""t Jlammabll1ty is Jiniited·· by lack of suffjcient oxygen· ·in .the mixture. , 
·,.··~-· ... • 

.... To :Preclude aerosol formation, ·organic transfers ·are 'normally per- .·· 
. formed ,with pumps :rather than jets.. Agitated tanks, either containing . 

. ·:·: organic or haying-,the possibility of an ·organic .addition~ have.'foter-. 
· locks ,to :,pre.vent operation when the •liquid le~el is -le.ss than 6 in •. above 
·, the· oottom .. ;agitator blade. This control r.educes the potential for spark 
· _generation resulttng from afa1led· shaft~ · 

,. .• ' . 

. . :, Air jets are -used in the. PUREX tank· sampling system. Studies were , .. 
conducted. to investigate the characteristics of solvent aerosols·resi.Jlting: 

· .. · from the. sampling system:· The. -~ighest concentration ·of aerosol obtained_ 
in these experime·nts approached 2.0 mg NPH/L of vapor at 60°C •. .The equil-

0.ibrium vapor phase concentration·.of NPH was calculated to be 27.25 mg NPH/L · 
at· 60°C ,(assuming 100% NPH and an _idea·l gas). ·• Therefore, total · NPH con.;. · .. 

· ··centration in a solvent t~nk.headspace could approach 30-mg/L ·which is 
below the lower flammable limit of 46 mg/L for hydrocarbon chains Cg: and· .. 
greater:-•. Based on ·these studies,' a· significant safety margin exists b~low- .· 
the. fl ammab i 1 i ty Hmi t •. 

' ', 6~4 .2 .3 .4 '. Solvent ,NUration •· . Vigorous exothermlc reactions can, .. 
. -occur between. nitric acid or heavy metal'.nitrates and some 'TBP-diluent , 

mixtures_ Linder conditions that might arise .. dur,ng.the concentration of· .. 
waste and: product solution. Violent reactions· resulting in equipment · · 

. carnage were .experienced· during early developmental work and were verified 
i ri laboratory ·studies.· ( 22-24) 
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.·· ' . More rec:ent laboratory worl(~:in;~hich v~Fioils di liJentS were studied:< lias .···· 
: extended the knowiedge .of the nature· of ,sol vent nitration reactionsJ25). . 
. While: the exact r:eactions have 'nof been. determined,. cert.ai·n char·~cteri sties 

. · have been observed and the ·Condit ions under which reacfions can- be expected. fa·• 
·occur ·have. been defined:, as fol lo1t1s~ · · ·· · 

· • The explosions -or rapjd reactions have involved. the evolution of 
oxides of nitrogen and the,two incidents\occurred, only after·<,· ..... ·. 
concentratfon.proceeded to·,•the point of incip:ient Calcination ·of the : 

·uNH (greater·thari .. l35°C). ~ . . . .. . .. 

' ,, •. , In each incident~ sol,vent was present . i-n~ :the: ccmc~ntrated .product{ ... 
. , · and a,·d~nse,:, second·::organjc'.·phase -was·· preser:it. in the: concentrator ···• ~· 

bottoms liquid~ This second organic phase, commonly caned, red oil, . 
is. the· intermedfate. ·produc.t of the nitration _re~ctions and ls a 
complex mixture .of deg·raded organic··compounds_·and ·.nitrate :, 

·. canplexes. · · · · · · · , · 

• -In the laboratory itudies, the temperature at which the r~:actions 
corrmenced varied (as evidenced by 'the' evolutiQn of ox ides of. . .. · 

,·-.~.\'' .. ~, ..... · nitrogen), depending on· the natur-e of the· ,diluent' and _whether or. nqt :, ··· 
heavy-metal nitrates· were present~·~;•With a· :naphthenic-type diluent'· 

: '~, .. 

. (such as was used during the first. lO'Yl" of PUREX Plant operation)·,>.· 
rapid. react.ions have occurred at: temperatures of 135°C in the, , 

: presence of heavy-metal ni.trates· and 150°C in the. ·absence-of . 
· heavy-metal nitrate.s. ·.In ·more recent Jaboratory. studies .with 
straight~chain; saturated.or.NPH-tyjie·diluents (such as .. the.NPH · · .. ·· 

:dflµent used during theJast 7 yr ofpJant operation), no vigorous, 
·exothermic reactions yier.e encountered ·at temperatures up to l.50°C in.· 
the presence of ·heavy-1T1etal. nitrate·s. (25) · .. These. later studies did ·. · .. 
not investigate th~. solvent ni·trat:ion reaction' in the: absence of ' ' . 
heavy-metal nitrates;· however, it is reasonable· to assume'that the 
relationship· ·reported,· ear Tier (i ~e~'..' higher .j ni ti ation . temperatures .•···. 
in ,the: absence. of heavy:..metal nitra,te.s).' wou 1 d: be equally· valid .. with 
NPH;.type. diluents. (24) . · ·. · .·. . . . . .. . ·· · . . ·. . · ·· .·.· : . 

. . . The' PUREX :concentrator' operation·. is cont~ol]ed' tri. prevent the intro
duction, of .solvent and to prevent exceedi·ng.the safety .boundary (135°:C for 

: soluti.on temperatures. where heavy.;.metal nitrates -are present and l40°C where · 
only nitric acid is present).· Concentrator·feeds are•either decanted'from · 

· stag'nant tanks· or steam stripp~d.· .in',:the:conc;entrator tower prior to · . 
· introduction· into the co~centrator: reboil er •.. The steam chest temperatures are . 

. co11trQlled· by limi.ting the steam' ches_t pressure, ,thereby limiting the 
·· ·temperature,. Coricentrator bottoms tempe.ratur~s are also limited by· .. 

high.;.temperatu'resteam cut-off interlocks. · ...... ·. · .. · ·· . · 

· 6 •. 4"~2)i':'.operational· Cont~ols.-.· T~fs ·sect•ion discusses th~ op,erational. 
controls that are practiced to provide a$s4rance that the safety criteria 
'discussed in the previous section· are met: The ·detection, .likely cause and 
. rem~dy,: for. typical off-~tanda.rd conditions. for the sol vent-extraction process· 
are: given in. Table 5;_ 19 •. · · 
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TABLE_ 6.-1.9.·. ·Solvent. Extrac;tfon:.:".'off:..standard. C9nd1 tioris~ : .. (S.~eet' l · o(9). 
Off~standard condition 

High U of Pu loss to 
HAW · 

High FP content In HAP 

1. 
1. By ro'ut I ne ana lys Is· of . 

combined concentrated 
aq'ueous waste (TK-Fl5) 

2. Spec.lflcally by a·nalysls 
of HAW sample 

3. Specifically by Increase In 
static ·pressure of column 
( Ind lcat Ion of l\lgh U loss) 

4 .• Decrease In HAP SG 

• I 

1. Continuously by ganma 
radiation monitor on HAP 
·stream 

2. Periodically by ~nalysls of 
HAP for gamma activity 

L Ike ly cause _Detection of cause 

1, Rates': · · . . ·. •. 1. Flow rates ii. 
. a, Low HAX ·· 
· b, High HAF 11 

. - . 
c, High HAW ·. . .. ·, . 

·1 .. a, Flow recorder ·on HAX; . 
· · low HAP _(organic) SG 
b, Flow recorder on HAF 

~. Low HAS; low salt Ing. 
. stre~gth . . .· .· 

2 •. Stream com.positions: · • ... 
a. Low (TBP) concentration. 
b, High. U co·ncentrat Ion · 

In HAF . 
c, Low acid concentrations 

. (HAS, HAF, 3WB) 
J, Flooding of HA cohm 
4. Pu 1 se frequency br' amp 1 I -

· tude off optimum c1mdl
·t1ons: . . . · 

. a, Frequency. . : 
b, Air In pulse leg· 

1, Flow rates:. . . 
a. Low HAS rate (low·salt-

. strength)_. · b. · · 
b,:Low HAF rate ti 

. c. High HAX r.ate 
2. Stream compositions: •. · 

a, High HN03 i:orii:.entratlon 
In HAS - ·. . . . · 

b, High gilff'llla activity In 
HAF (due to lac~· of 
fuel cooling time). 

J, Flooding of HA co.lumn 

4. Pul.se freque·ncy or ~~11~ 
tude off opt tmum condt-. 
tlons: . . · 

· a. Frequency-
b, Air In pulse leg. · 

- (cross checked by .. 
tank ·.voh111e readings ·· 

. '. of TKsHl) 
c, Flow. recorder' on 3119. 
d, Flow .recorders on. .. _ . 

HAS-H20 and HAS-Hr«>3 · 
2, Stream. compositions: :. 

· a. 1nstr1.111ent_·sG: high 
SG Indicates high . 
u·concent'rat Ion -In · 
column · · · 

... b. Analysis of sample.s,· 
·. • HN03 mo,n I tors . 

J, Flood!ng·: ':·· 
'a. Increase· In static 

-•.· .. ,pressure· read lngs . 
. b •. Interface variations 

. 4'. :P~lse: frequ~ncy check_ 

1.· Flow rates:: 
· . a. Flow recordel'S on 

· HAS-H O and HAS Hr«> . 
· b. Flow iecor\!er on~ 

c, Flow recorder on HAX 
., 

2, Stream compositions: 
· a; HAS continuous acidity 

· monl.tor· · · 
b, Analyses bf HAF for 

gill!'llla act lvl ty 
J,,Floodlng:. . · . ,· · .-

a, Increase In stat tee. · 
pressure readings-

. ii. lnterface/DPc. 
var tat Ions - . . · · 

4. Pul m · fr~quency ~h~k . 
. . . ' . . 

'.Remedy 

.1. Ratio:. ·adjust.flow to .. 
. proper rat los . ,. 

2. Stream coinpos It Ions: 
·'a. Butt Into spec If I cat Ions 

b, Adjust flow rates to . 
compensate:.. · . . · 
o If Jo.w TBP cimcen- . 
.. tratl'on exists; .. 

. · _raise HAX.rate_ .. 
o. If h lgh U ccincentra
. lion exists, lower 
· HAF rate. or Increase 

HAX rate · 
~ ,• e 

3. Flooding: _ . 
a, Adjust frequency 
b'.: Decrease flow r'ate.s 

4; Puhe: adjust freque_ncy 

1. Rates:· adjust flows to 
,Proper values 

·2. Stream compositions: 
. a; Adjust HAS HN0

3 
concen

trat Ion 
b·, If .. h lgh ganina. In HAF, 

. . • ·. _ Increase HAS (low rate 
· J, Flooding: · . 

a. Adjust frequency 
b, Decrease flow rates 

·4, Pulse: adjust frequency " · 

I 
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0ff-sta1idard condition 

·uigh Pu lo.ss ·In IBU. 
str:eam ( resu 1 t trig •. 
ln Pu· contamination 
IIJ, -~ product) · 

High U In IBP sfreain. 

.->: ,·. -

TABI..E 6-Hf. .· Solvent Extract1on-~Off~Standard :conditions~ ·.· (Sheet 2 of 9) 
'~ ,:• ••. ,'' • .,; • ;,.:•••--•••- •••,oa;,,,•_.,,.~.--;•., •• .' ~ ' ,•.,•• ' :. f~ • , 

How detected 

1, Specifically by analysts of 
2Df fcir Pu · · · 

2, Routinely by analysis of 
. ICU for Pu . 

3. lBXP, inx c~lum neutrori 
• · monitors .-.• .-· · · 

• 4,TK~Jl 11eutroi1 mon_ltor 

1. Analysis.of lBP strei!ffi 
for U 

2, Very high U In UP may .be 
,Indicated by· Increase 
In static.pressure of· 
HIS .:co I __ Ulfl!l ... 

Likely cause 

1. Flow r~tes: 
a, Low IBX 
b. Hlyh lBXF · 

2, Stream compositions·: low 
reducing agevt.con~en!ri~ 
tlo~ (lBX-Fe , ~~2s.03) 

3 •. Flqcid.liig of lBX colunn 

4. L~w pulse /requency 
. 5. Hlgh.nttdte In lBXF 

j. Flow rates: 
. a.·· Low JBS rate 
b, High 1BX rate 

. ·2. Streaiq compositions. low 
nitric.acid concentration 
In. JBXP . 

3. Flooding of ·IBS colu~ 
i· Off~sta'ndard pulse• 
· ... cond 1t tons: · · 

a,:frequency 
b. 'j\lr.'ln pu.l~e leg 

. · Detect·t~n of cause 

1. Rates: 
a. flow-recorder on IBX 

.. ( cros ~-·checked by. . 
· link volume readlnys 
of TK-209 and -210 

b, Ffow recorder on IBXF .. 
. : . stream . ·• 

2, ·Ana,ysts of sample from 
'TK-2og ·or -210 ·, · 

3; Flood trig:·. 
• a. Decrease tn· stat le· 

· pressure reading · 
. b·. Interface and/or IBX 

f.low··var_tatton · · 

4 •. pul~e:'; frequency '_clieck 
5. Nitrite analysts of TK-J3 

· Remedy-

. i'. Rates: .adjusf flows t_o 
proper ·values· 

2.·Restore reducing igent 
conc~nt,rat!on : · 

3. flooding: .. 
: ·: ·a~ Adjust (requency , 

· · b, Decreue flow rates · • 
4, Puls~: · adjust freque~cy · 

, 5 .' Add ~u If a~ic acid to 
TK;-J3 · .. - . . 

1,'·Rates: • ' .fr Rates: : adjust nows to 
_m. !Flow recorder on .JBS .. •,' .. ·111roper r,atlos . , . 
b. Flow recorder on IBX • · , · 

.·(cross che_i:ked. b_ u. _2. If HN03 coilcentrattoli of 
., · · . IBXP ts l_ow 0 Increase 

tank __ volume_ readtn9s flow,rate of HllP-HN0 
· ,of :TK~209 and~ ~210> (nHrtc butt· to IBX~)3 

_2 __ ._:)\nil1Ysts···o; .. 1eXP·_~-:. _, _• ,,.· · · ·'..-;·~· · · . -,3,,Floodlng:: .. 
3,. F)oodtrig: . . . . ·. -a; Adjust frequency 

ii, Decrease In sliit tc b. Decrease flow rates 
pressure.readtilgs 4 •.Puls~:·, a~just frequency 

, :b_. · Rnterface readtnys • 
· and/or ·"IBP .va 1 ve , 
· lo!!dlng varl,i!tlons 

4~. Pulse: freqtie;1~y ~~e!=k 

. .-,~· 

: ·' ·, 
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TABLE 6--19. Solvent Extract.1on~:.:off-Standard-Cond1t1ons. 
• • .- , c- - " ' .: .... ..: ... • •• --.-~ ---·.,;..,_~-·-· ,., •• • ·!..--· ; ' ',_··_ .. _. _-' 

{Shee·t 3 '~f 9) · · ' .-· -, , .. 

Off-standard condition llow detected · L lkely cause_ 
----------1----·. _._._. --· ---~--'----t--
High ,U loss .In ICW: 1. Specifically by ICW analysis I. Low ICX flow 

2. By routine 'a~~lysls of _wash 2~ Excess it1103 fn 1(i 
waste collected ln.TK-GB :i. Flooding of IC column.· 

II. Off-standard pulse 
conditions ·: 

5. I.ow ICX temperature 

Detection of t:allSP. 

1. Flow re~orders ,on 
'• ICX-HHOj and ICll-H2O, 

2. Analysis of ICX stre'am 
1. Ffoodl~g:. .. . 

a •. oe:crease _In _stilt le 
·pressure reading · 

b;· Interface and/nr ICU 
valve loading · 

·. variations 
,, ·Pulse: _frequency check. 

5. Temper.ature recorder" on . ICX . . , .. 

·Remedy.'. 

1. Ra_te's: adjust .flows to 
, proper values 

. 2. Adjust HIIO 'In lex' stream 
. to proper ~oncentrat Ions _'·. 

3. riooittng: ·_ ._· . . 
· .. a, Adjust frequency · 

b. Decr:e·ase flow rates· 
4 •. Pufs~: adiust frequency·. 
5.: Adj~st temperaiure of. 1cx 

-to 50°C-6O°C by adjust Ing 
.temperature controlle'r on 
ICX · . 

· High Pu·content In ICU• 

High Pu recycle via. 

',same as for high Pu In IBU; all Pu remaining In IBU will fo_How Uan~ Np. through ,IC colu~. 

. IBSU stream (or low 
Pu In. IBXP stream) 

·Jilgh U loss In 2DW 

1, -IB_SU alpha monitor . 
2,·IBXP ;and IBX column _neutron 

monitors 
J. Pu analysis.of IBSU sample 

1, 20W photomete·r lncre·ase :, 
2. Specifically by analysis tif 

2OW sample 

1. Low IBX flow 
2. Low reduct ant c_oncentrat ton 
J. Nitrite recycie 

1; Flo~ ~ales:a· 
. a. High 2~ 

b, Low 2DX , 
c·, High 20Sa .; 

. d. ~ow 2DF-HN03 
2.· Stream _c'omposll1ons_: 

a, Low TBP concentration., 
b; Low acid concentr:at1on 
. -In 2DF 

J, rloildlng_of 2D colllllll 
4, OU-standard pulse 

conditions 

. 1, :IBX flow recorder and · 
· TK-2O9/21O dropout _rate, ·. 

2. TK~209~210 ana 1,-s I_ s 
]. Nltr'tte ·analyst's of TK~J.l 

sa""le ·. . · .. . 

1. Flowrlites: . 
.a, Flow recorder"on. 2DF, 

high .SG 
b, Flow ·recorde·r on 2DX 
c.Flow recorder on 2DS 
d. Flow recorder · on · 

2DF-HH03 _ _ 
2,. Stream compositions: 

a.· Instrument SG readings 
h. Analyses of stream 
.. samples . . ... 

J, Flooding: ... 
·a. Increase In stat le 
·_, pr'es·s·u·re 'read In.gs· .. 

. b, lnterf ace and/or 20W : 
·. flo~ variations . · 

4. P_uhe,:. frequenc:y i:oimt 

1 ~ Adji1st. IBX flow rate to. 
· proper value · · · · 

2, Bult to proper reduct ant. 
· ccmcentrat ton 

J. Butt TK-JJ with suframlc · ~cld . . ... 

·1 ,' Rates: adjus_t flows to 
· projier"values 

. 2:- Stream compositions·: . 
a, Butt Into spetlflcatlons" 

·: b, Adjust flow.rates to · 
compensate 
(1) If TBP concentrat Ion 

·· .IJ low·. raise 2DX. 
rate · 

· (2) If high U concentra-. . · 
lion .exists In the ·· 

· 2DF,. lower 2DF rate · 
and ra lse_ 2DX rate . 

3; Flooiltrig: - · · · .. 
• _a. Adjust·rrequency .. 
' b. Decrease flow rate · · 

4:· Pu.lse: adju'st freq;,~ii_cy 
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· •· :rABLE 6:-1 ~- ·sol vent Extraction.;; .. Qff-Standard;Cond.t'tions. (Sheet .4 · of .·g) 
Off-~l4ruJmJ coodition 

. 11iyn l'u ln'ZDW .. 

dligh Pu In 2DU (re_s~lt
ing in high Pu ih"2EU) 

High fp content in 200 
(resulting'in high fp. 
con.tent tn ·2Eu), · 

lligh U in 2EW 

·fouling of conccntr4tor 
tull~:i 

· Ll_kely cause 

·I. Spectficdlly by dn'alysls of, , I, Defective IBf COIUJM 
2DW for Pu. : operation 

2. An11lysis',of ·rK-Jl for Pu 
3; Jr ,;eutron mdn i tor 

Rout iile ly by analyses of ;2EU 
. for .Pu_. 

I. Continuously' by 2Eli galMia 
monitor and· Beckman read
ings· near, ICU conce~tr'ator 

2. Specit1cdlly by.analysis of 
2,fU for Qdllifllll 4C ti Vi t,y 

I. By Tout In~ analyses of 2EW 
.2. By routine ari~lyses of, wash 

col lec.tion in TK-RB 
3. Decrease ·in still ic pressute 

of 2E ·coluiiu! 

Pdrtiar:1oss in evaporato,r., 
capacity , . 

1. Lack of reducing agent In 
2D1S or holdlng.reductant 
In 2Df . . , . 

2. LOW 20S flow · 
' ·.· ' . ·, -

3" Low 201S flow 
4.' High 2DX, U•loss must 'not. 

•. be· less than. 5S · · · 

. · 5.·:1netficient IBX.colwm 
op_erat Ion · 

I, Faulty; codecoiitamlnat t'on. · 
eye.le performa_nce · · · 

2; 20W loss too low 

1. 

2 • 

3. 

4. 

LOW 2EX rate 
. Excess HN03 In 2E~ 
Fiooding_of 2E colURVI· 
Pulse fr~quency or amplii~de 
offcstandard cood,itions· ,' 

5, LOW temperat~·re 2Elt' 

Reduced heat 'transfer coeffl-. 
i:lent ·due to sea le for111a't ion 

. l_ri, coric_enfrator tube bundles 

,Detection Qf c1use Ren..idy, 

Same as IBX colu11111 •o"ft-standard con~lt Ion. 

I. Analysis of 201S for HN · •. · 
and 2Df ,for NH•, flo.i ' 
record~r _on 2~_F1N2H4 : 

· 2. Flow recorder on. 205 
·3; ~iow ~ecorder. on 201S 
4, i, Flow recorder on 20{: 

b, Stat le pressure In : · 
., , coJ_uAIR .... · ·. · ,. 

5. Same_ as lBX column off-·.·. 
standard condition 

'L, A~jusi reducing agent con-. 
cent~U Ion (HN) in the· 

. 201S or '2DF·N?H4 flow .. rite 

2, Ad.just 205 flow rate 
· 1: Adjust 2DIS:tiow rate. 

,4·; A~Jun 2DX flow ra,te 

' Same as codecoritamlriat Ion ,cycle: off ~standard condlt ion 
2; ~OW ph~to~eter , 2; Adju·st 2DK rat~. , . . 

· :1,. Flow recorders on 
2U~HN03 and "20 ·, 

·2. An.a lys ts. of 2£X streana' 
J'. floodi~g: 

a; Decrease In the column 

I. Adjust 2£X flow rate 
H20:acid .· · :. , . : 

2'.· Adjust relative flow rates 
" on-. 2£X to ·obtain correct 

acid concentration 
static pres'sure'. reading 3. flooding·:: 

b. lnterfac1!'·a·nd/or 2EU · . · a; Adjust. frequency 
· .. flow variations · b .. Decrefue f101,1 rates . 

4, Pulse:. 'trequ~ncy i:o~nt'. ·.· 4; Pulse:,, :adjust frequency' 
- ' ~ ·,-

5, Temperature recorder for.,·· 5.· Adjust· temper.ature of 2El 
2EX . . . . ,• to 50°C 

. .Increased s.t~aii preuure 
required ·to maintain given 
product c~51tlon,. • 

'.,' .,'. 

Stil'( d~wn conce~trAto~ tor : 
SfcllesdissQlvlng nitric 1cid 
flllsh· . 



TABLE 6-19/ S~lvent Extraction-~Off-Standard Co~di.tioni. (Sh~:et· 5 of _9) 
ofr-staridard condlt.lo~ 

Fallure·of concentra~ 
tor feed supply · 

Overconcentration of 
UNII 

· Excessive U losses In 
·the process conden~ate 

· Insufficient solvent 
removal In the steam 
stripping operation 

___ H_o_w_d~et·;;t;;.-----· ---- .. -~ ltkely cause . D~tectlon of cau~~ Remedy ~-~----------·-·.•_' ' --- ' .. ,_.· . ,- :- - . -
I. Decrea·se In _WF coupled 'with 1, Faflure of concentrator Same.·as. "hQ.w detected" 

Increase· In SG . feed jets (from 2E ·column) 
2 •. Proc'ess upset or Sll)Jtdown . 

--,---.,.-,-~-------+ 
1. incre'asing reading on con~ 1, Reduction h'1 feed flow. rate 

centrator temperature · wt thout corresponding re-
recorder. duct Ion tn steam flow 

2 •. Increase. In concentrator SG 2. bcess.tve.steam flow 

3. Decrease tn concentrator WF 

1.·Hlgh DP across concentrator 
. tower 

2. Proces·s condensate samples 

1. Concentrator operating at 
_ excess he boHup rate 

2, Partial plugging of de
en_tralnment tower 

3. Bubble:-caj, trays· iartlally. 
plugged · · 

1 •. -Malfunct Ion _of concen
trator feed jets from· 
2E column 

2. High steam flow readings 

Same_as "How detected" 

Shut off-steam uritll feed can 
·be restored 

_ _: ___ . -- : 

. I .. Increase feed r.ate to c~n- . 
centrator by· 1ncreas Ing the 
.flow rate of 2EU. · 

2. Deer.ease the· steam flo~ .to 
c_o_ncentrator · 

3; Add water to conce·nfrator 
( tf feed rate_ 'ls very low) . 

4. If tu~e·s be~ome .scaled,. 
clean _as outllned above ·· 

. .. . 

1. High bollup rate·: . . . 
· i. a •. Reduce bollup _rate by · 

· .. decreasing ·steam flow 
b •. Decrease feed flow rate· 

(2EU) . . 

2. · Sa~e · as abo~e · 
3. Sh~t down c~ncentrator for 

~lu_sh (as. above) · 
--'---------'----+ --..,----'---'------+----"'-;'---'---------~--'~--'-~ -----

1. ~ ·correct solvent ext~actlori. 
off-standard conditions 

I.· Analysis of ·2uD concentra~ 1; Excessive 01'.'gantc. In. 
· tor·conilei:isate (normally · concentrator .. 
not. sampled) · . a, Flood Ing of 2E. column · 

2, Hlgh.phosphorus·~onti,nt In h. Exces.slve organtc ·· 
entrainment In 2EU ·· 

produc~ . steam .. 
J. Visual Inspection ·o·f ·21JC 

sanples from TK-KS for 
organic . 

2. Reduced steam flow· to con
centrator, resiilttng In. 
abnormal reboller ·operation· 

. a. Automatic .shutdown due 
to overconcentratlon 

. b, Mechanical failure of 
st_eani sys_tem · : . 

J, Use of alternate ·feed entry 
on fourth tray provides 
too few stages for TBP 

.. removal · 

1. Excess' organ le·. . 
- a. See solvent extraction. 

off-standard condlt.lons 
b; Ana_lysls. of_ 2EU stream 

2. Reboller steam flow .. 
recorder 

. . . 

2. Reduction' li:i' ·steam flow; 
shut down feed stream 

.3 .' Return feed entry point' to 
second tray 

NOTE: Above fnfor~at ;on p~rt.ilnssp~tiffcaTfy. to 2EU ·c-oncentrator{E~{f:-,fiTsfrifor"ma on 
replacing "2E~ by "IC," . .. . . . 

s genera e to icu· c~~centrator (£:Jiff by .. 

:1· .-

,' ··. ,, .. 
'-::. 
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. ·High Pu In ·2Aw 

-llow detected 

1.· 2AW monitor ~eadings 
I . . ' ' 

2. Analyses of 2AW for Pu . 

3 •. TK-JI 11eutron.monltor-

4. Analyses .of concentrated 
aqueous wastes (lK-Jl) for 
Pu_ . 

. High FP ·,content in 2AP:- · I. 2UP ganvna }ni:mltor 
(resulting in high,FP 

· · content in 2BP) 

H_lgh U content in 2AP 
(resulting In high U 

· conten_t in 2BP) · 

· 2. By rciutine ."analysis of .2BP :' 
foi· gar.111a a~thl ty · 

Dy routine· analysis of 2BP for 
u 

Likely cause· 

I. Flow rates a , , . .. 
a. Low·2AX . . . · . 
b; Htyh 2Af fnd/or 2AS4 

2. st.rea,n crnn11os1t1.ons: 
,1.' i.01'1 TBP cotlcentrat ion 
b, Low acid concentration. 

In 2AF and/or 211S 

•,f .. 

·-c: Failure to nkldlze all 
of the Pu lo tetravalent 
state . . .. .. . 

3. Flo9dlng of 2A col1J1111 

4. Off~sta~dard pulse. 
. corid_ltlons 

oetect ton of cai1se 

1. Rates: . 
a~ Flow rei:or·der 0,1 2AX 

·b. Flow·recorder 011 2Af .. • 
· and/or 2AS · · 

· 2; Steilllj compositions: . . 
.-a. Instrument SG readings 

· or analysis · 
.b, .Analysts of 2AF .for 

llfl03 and/or 2AS•HN03 . 
mnltor · . 

C,· Low 2AF-NO. monitor .,. 
readings o~ a11alysts 
of 2AW or. 2AF for 
~u(m) ·. · 

l, Floodfog: 
•·. ii, Increase In stat 1c 

·pressure· readings 
' b,. Interface aQd/or 2AW 

. valve load Ing·· .. 
11arhttons 

4. Pulse_: frequ_ency co_unt_ 

·Remedy 

I. Rates: adjust to proper .. 
values 

2. strealli compositions: 
a, Butt 2~l! ancl/or 21\F Into· · 

specifications . 
·b. Adjust flow rate to 

compensate . . . 
• If low TBP concentra

':" ttcin exists~ raise . 
.. 2AX rate .. 

•. If low HN01 concentra
tion exists. lower 

.2AF rate or Increase 
2AX rate · 

' c, :Adjust sodium nitrite· 
. ' aci~t tthlrn rate: Ito. TK"".J5 

to.proper value 

3. Fl~odt~g: · . . • 
'" ii. Adjust frequency · 
: b, Decrea_se now ntH_' : ' 

.. 4.'.:,Pulse: adjust frequency · 

1. Flow r~tes: 
a·. Low 2AS 

. I,· Ratefr. ·. . ·· · ·1. Rates:~ adjust to proper·· 
· a~ floll( recorder on'2AS. • .. values.<· . . . 

b •. High· 2AX (res~ll Ing in 
. h lghe~ FP/Pu ratio In 

,product) . . ·. . . 

2. Stream coinpositlons: , · 
· ' a; Low IIN03 In 2AF (pr_l:- . 

· marily Ru) · · ··. 
· b: High ga111na ~ctlvtty in 

·" 2AF (due to.lack of fuel 
i:•Joling t1n1e 01· faulty · 

· pal'.littun cycle · 
'· 011era~ Ion) . 

3, Flooding of 2A colu1~ 

4~ Off-standard.pulse 
cond It Ions · 

Faulty" lBX and/or fes column 
operation ' . •. . 

· ·b; Flow recorder on 2AX_ ·. · ·. · . · .... · . . . 
2. ,Stream·compostttons: 

2, St~eaia COlllj)osl tions: · · a.· Butt 2AF inlto · 
. ·a, Anaiysls of 2AF. for spectflcaU011 

·. · .. HHO ·· · · b, Correcl openUreg con,.; 
ii, Anafys1s of. 2Af · for · dlUons In prei:ed1ng 
. gan1na act tvtty cycles · · 

3; :Flooding·: , . . . 3. Flooding: .· 
•a, Kncre.11s e In sta~ tc a, Adjust frequency. . 

_pressure readings b •. IJecrease no"' rates 
b: Interface and/or ?.AW . ··: . · ·. · · • · · · 

valve· loadln·g variat Ion . 4 • . Pulse. adjust frequency. 

4. Pulse: . frequency :Count'. 

Same a~ parfttlon .cyclec~ff-standard co~dltlon' 

.·. ·. '.· . · .. ,:-1 ·.< \ .· :·· .. ·. 

' ' "- ... · 

...., •. 
,·,··· 



Off-standard condttton 

High Pu loss to 2BW 

lllgh Pu In JAW 

TABLE 6-19. S~lvent Extr~ct1Qn--Off-Stand~r.d Con~1t1ons. 
. . - ' .. . - . ... . ;,.. .. (Sheet 7 of 9) 

llow detec~ed 

1. 2BP alpha monitor and/or 
JAF alpha monitor 

2. Routine analysis of the 
2BW for Pu 

3. Material balance arc,und 
cycle 

1. JAW alpha monitor . 
2. Analysts of the JAW for Pu 

· Likely cause 

1. Flow rates: high 2BS or 
low 2DX (2BP) rate (low 
aqueous to organic flow 
ratio) 

2. Excess 11tto
3 

or no·reductant 
tn 2DX · 

3. Floudtng of 2B colurm 
4. Off-standard pulse · 

~ondlt Ions 

1. Flow rates3 a. Low JAX 
, . b. High JAF and/or 3ASa 

·2. Stream ~ompositlons: 
a. Low acid concentrat Ion 

tn the JAF 
b. failure to oxidize all . 

Pu to tetravalent state 
3. Flooding of 3A colunm 
4. Off-standard pulse 

conditions · 

Detect ton of cai1se 

I. Flow recorder on 2BS, 
2BX, and/or·2DP strealll'i 

2.·Analysts of 2BX stream 
J, Flooding: . 

a. Static pressure 
decrease 

b.- Interface and/or 2BX 
flow variations 

4. Pulse: frequency count_ 

1. Rates: 
a, Flow: recorder on JAX 
b. Flow recorder on 3AF 

and/or 3AS 
2. Stream compositions: 

a.: Analysts of 31\F for 
HNO · 

b;·Anafysls of JAW for 
Pu( Ill) 

3. Flooding: 
a. Static pressure 

Increase 
b, Interface and/or JAW 

vatve loading 
vart at tons · 

4. Pulse:·_ 
a. Termination of stattc 

pressure reading 
fluctuation . 

b. Atr pulser exhaust 
valve tnspP.ctton 

c. Frequency count 
d, Pressure reading 

Remedy 

1, Adjust. flow rates 
2. Butt 2BX into specifications 
3. Flooding: 

a. Adjust frequency · 
b. Decrease flow ·rates 

4. Pulse: adjust.frequency 

1. Rates: adji1st to proper 
valves · 

2.- Steam compositions: 
a. Adjust JAF, Into specifi

cations with HNO 
b. If low HNO.1 concantratton 

exists In lAF, lower 3Af 
rate or. Increase JAX rate 

c, Add NaN02 to TK-U 
3, Flooding: · 

a. Adjust frequency 
·b, Decrease flow rates 

4, Pulse: 
a. For no apparent pulse 

shut down for maintenance 
b. Adjust frequency 
c. Adjust atr pressure to 

pulser 
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,TABLE.6--l9~ Solvent Extract1on--0ff~Standard CQnd1t1ons. ·(Sheet.a of~) 
. :·.iJff-standari(c:ondltlon: 

'High FP cont~nt in JAP 
:(re~ulting In high FP 

cont_ent 11'1 _38P) , · · 

·. ·How de tee ted · 

Ana lys Is· of J8t> for garm1a 
acU~ity' ··· 

Likely cause 

I·, Flow rates: •·. 
· ·. · a. low. JAS: ·· • 

· b. High JAX (res111ttng In 
· higher FP/Pu ratio In 

product) , · · 
2, Stream CllllljlOStttonsi . , a, Low HNO In .JAf . . 

·ti. High gailna actMty In 
·. lAF (due to hck 01' fuel 

cool-Ing time, faulty.· 
decont~ntnatlon and/or 

.part It.ton arid/or 2nd·Pu 
cyi:1e·operatlon)· 

. J. F loodlng ~f. JA _coium 
4. Off~standard puls·e condl~ · 

Uons-· •' ·. ·, 

Detect Ion of cause .: · 

1, Rates: 
·. a; Flow recorder on JAS 

a,-flow -recorcler ~.lAX 

2, Strea111 COlllJIOSltlcins: 
a. ;Analysis of lAf for. 

. b~.-=~;sl~ .of the ~AF 
. for ga1mu1 activity . 

1: Flooding: 
. a. ·Increase In st.it le 

pressure · . : . : 
b,. Jnt.erl'ace :and/or 'JAW · 

valve loading varla~ 
·_tlons · · · · 

4. ~ul.se: ,same as above 

·11emeily 

f,'Rates: ·adjust to proper 
ratios 

~. St~~illll coq>o.sltlons: ·. 
a. Butt lAF Into spec lflca-

. tlons. · · · 
b, Correct 0perat Ion condi

tions· In preceding cycles·· 
·3; Flooding: 
· a. 'Adjust frequency 

· .b .•. Decre~se_ flow rates~. 
·4;, Pulse: · same ·as above· 

---,---,-,---,.,.----11-~---,-,----,--,--------------------------------1---,.--------,-------------,---,.----,.--
..• · High ·u content fo JAP Anaiysls of JBP for·u 1, Faulty IBX _arid/or IBS 

(resulting In. hlgh·.u · cillum operation · · · 
~on tent In JBP), 2. -Faulty 2BX.co1umn operation 

': 
High. Pu loss' to 'JBW 

•Overc:uncentraton in the • 
stripper or concentra~ 
tor. · · · · 

I',: An~1Ysls of 311W ·for Pu 
- .·. ·.• . 

2: Material balance around 
cycle · 

I. Increasing co·ncentrator 
. bot toms teinperature' 

···and/ur·2BS1ow . 
~ .. . 

1. Flow rates: · low· lBX (lBP) 
, .··rate ( low aqueOU!, tir 

organk 'f l_ow r_a t,e) 
2. Excess HN03 ~n· 3BX_ _ . 
3, Flo_od1ng of the JDP.co,!umn 
4 •. Off-standard pulse condt~ 

lions ' . . " 

.J'. Low-feed-fli>~ ntes (IPSF'·or 
PS,C) ·. 

2. Increase lri concentrate sG· 
. coupled with reduced accum~ 

· · .ulatlon rate. tn receiver 

.2, Hlgh_~steam-flow rate 

3, Increase in ih~· con~eritrate · • 
WF at overflow lio Junie . 
. , I 

4. Sudden. decrease· In c:oncen~ 
tr ate .. WF 

· Same as lBX·column off-standard condttton 

,same .~ s~cond Pu cyde off-standard i:~ridltlo~ 

1. Flow ·recorder.:on lBX 
and/or lBP·streams 

2, Analysts of ]BX strea111 . . . . . 
l, F1,oodtng: . . 

a .. Static pressure 
. . decrease · . . . 
jl •. fnter(ace and/or JBX 

·:11arhtlons. 

4,. rulse: same as above 

·1:•Ailjust·t1ow rates 
.,, <. - •• 

• 2, Butt lBX .Into speclftcat Ions.:· 
3, flooding: . :ia.: Adjust frequency . 

,b;. _Dec,:ease flow rates: 
:4. :eui'se':.·. ~ame as ~bove 
~ ~5 . . . 

·1. Upset in so 1vent extrac-·, _1. Increase feelil flo1,9 rate 
il:.fon ,system: ·. • , · - : · · · 2. Redu~e ste~llll fBow rate to' 

2;· Steam flow lnstrwneilla'- ·· concentrator . . 
Uon_ ': · · · · · · .3. DUiitcd:cincentntor contents, 

wltl(~ltr1c add . ' .. 

.,:::_ .. 
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TABLE 6:-19. -Solvent Ext-ra·ction~;.Off-Standard_ Conditions. (Sheet 9 of 9) 
Off~standard condition 

Inadequate removal of. 
. . solvent by steain- _ · 

stripping operation 
(T-L6) · 

How detected 

Analysis of_ ;1nal Pu prod.uct 
for- phosphorus . 

High U or FP contcrnlna- Analysis of Pu sampler _tanks 
t Ion of Pu product · 

.Stripper pack Ing H lgh DP across packed section 
plugged - · · 

1Hlgh aqueous to o'rganlc flow_ .rat.lo._
blow aqueo~s to organic flow ratio. 
cDifferentlal· pressure. 

,.-Likely cause-· 

I. Abnonna 1 anilunts of so 1vent 
enter the stripper through 

· the 3BP - · -· · .. 
•· Emu1slflcattcm' · - < 

_ 'b. Flooding_ of 3Q co_l111111' 
2. Reduced steilll flow to the -· 

stripper, result Ing In - . _ 
abnormal_ ·rebol ler ·operat Ion 

1. Malfunction of partition 
· cycle · · 

2. Flooding or malfunctfon of 
. Pu cycle col1111ns - . · 

3. les· or 28S flow may be low 
· U; 2AS or 3AS flow may be 

low (F~) · · · 

1. ·sol_lds _deposlte·d on packl~g 
2.· Flooding of packed section 
3, _Low HN03 · added to 3BP 

' Detect ion of cause 

· See final Pu cycle off-standard condition· 

. 2. Steam Uow lnstrlllie~ta~ 
· tlon. · 

•. ' , < 

2 increase steam f}o~ 

· For ·extraction column ma lfunct_lons·,- see par tit Ion 
_ cycle,_Pu cycle off-standa_rd co_ndltlons ,\ __ 

Increase In stripper DP. 
readings 

Route off-spec·lflcatlon prod-
from TK-L9 to HAI". makeup tanl 
(TK-E6) via vacu1111 transfer. 
tank (TK-L II) 

I. Wash down packing with HNI 
. · ~l~loo -. ' · \ 
2. Bol·I 571 HN0

1 
In 'stripper. , , .. 

· for an hour ar more . · 
3. Subsequentiy adjust 

· 38~-HN0
3 

. . , 
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6.4.2.4~·1 Codecontamination: System~: ···The HA•·columri decontamination, · 

.Performance is determined by the urantum·,·conc:entration in the· org•anic ·spl- .·. 
'., vent and by·the ratio of the aqueous'·strµb stream (HAS) fJow to_ the organic 

' . product stream (HAP) flow. The nitric•acid concentrations of the aqueous 
··. scrub (HAS) and aqueous waste (HAW) streams· are· monitored by in-1 i ne · · · 

.. monitors and confirmed periodically by •chemical analysise . The transient: 
product losses. are measur:-edby waste· stream samplesc· · The·cumulative : 
product Joss is measured by· batch samp'li ng of concentrated ·was,te. -The . , . 

. uranium .concentration' in. the or,gan.ic. ·solvent is indicated :by the" organic - . 
. SG~ measur.ed in the top di sengagtng. ·section .of~the·:cdl unin., and by the :." . . 

· .. column static pres!iu.re~;, The d.esfr-ed,.lil'.:ani um concentration, ,fn:the ·.organic;'. 
'.:; 9r saturation, is maintained by:adjustfrig: the>HAF. flow· rate1·'. Other:> .· :' .. · 

· · instrumentation<routinely:used;:fbr'maintainin~foperatihg c6rittoJ of the .. 0.HA 
· colunn· includes the HAP~gal'ITfla monitor, and the extraction and scrub .. 

-section DP recorders.·- The uranium 'arid radionuclide concentration ·in the 
. HAP are,confirmed by analysis of periodic Sqmples. / .. 

Crit:icality' prevention is; ensured- by mainiaini~g .an organic. solvent -
e,c,.J .' .· to aqueous. feed flow ratio of at least. 1 .0, ana. the riitric acid ·concentra- . 

t.ipn of the HAS ·at ·teast equal to. ()\SM.·' hi .. ~dditfori, safety ';n the high.;; .... .. f:<,.~::. 
""1l1~; .. 

. --~~· 
·· .... ··.~···· 

I -

i. 

. _· level waste concentration•:and treatment system is enfranc_ed by maintaintng . 
··· th.e p 1 utan_ ium. loss t9 .the HAW :as 1 ow .as posstb 1 e. P luton i uni. Toss·es to . the. 
·· 'HAW are,.'.typically, less than 0.1%, a factor of 100 lower than the value· 

.·. which, if, sustained,- wou·ld cause a safety,.problem in the wa'ste system. 

·. Other' operatH,g safety ,conc'erns iri the codecontamination system . 
N ,involve solvent.flammability~·Th'e.risk'o(a iofvent fire is kept accept-' 

. ably low by· maintaining the temperatures of a_ll: prQces.s streams below the 
mini.mum f.lashpoint of the.diJuent _fao~q-~ <Th,e safety margin of· the· tern-

.. perature limits is determined by the type of control used •. Positive· 
control of the temperature of the HAX i~ ·maintafoed in the .solvent feed. _ ·.- . 

. tank. · An upper rimit on. the HAS temperature 'is maintained: by means of a -.· 
temperature .contra 1 on the -~emi 11er~ Hie~ water . stqrage ·tank.·. The tempera-·•··• 

. -., ture of:the condensate-recycle str_eam~ ~hjch repJac::es:demineralized water· .. 
· · ·in the_ HAS stream during nor,mal- operation, .is also controiled. , The HAf 'is· 
, . cooled. to. 50°C after transfer fri:,in. the feed makeup ·tank .. (TK-E6) and main'.".'-.. · 

tai nee: at that temperature. with.' cooling-water· flow -.to ·compensate for ·. . 
radiogenic heat. . . . . . . . -

6.A~2 .. 4,.2 ,' Partitioni'ng .System.<, Perfo,nnarice :o{the ,uranium-plutonium' .... 
. par_titfon ·step· is controlled by prgviding suff ii:ient redUttant and hol di,ng 

.. · time to'~nsure complete reduction of.·'the plutonium~ . In practice,. an-... 
. ;approx'.imate'.400% excess-lBX flow.over t_he stoich'iometric reqµirement is_- -

maintained., .. The concentration of reduct ant.is limited to less than O.03M 
to preVent 'th~ .p]Litonium·.concentratior:i from exceeding_ the alYJays-safe -

·,·.concentration of 6 g/l ·i.n the q1Jumn •. , Three 'neutron monitors are arranged 
·. •vertical,.ly; 5 ft apart, on th_e Jowe·r pClrtion· .of· the lBX column to-monitor. 

the plutonium profile, In additton, ·· a,· neutron monitor is used 'to detect: 
. changes in.the p]utonium p,roduct str_eam (TBXP.) leavjrig the column. 

·- _6~124-
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Each lBX makeup batch is sampled and analyzed, and ·the ferrous reduc
tant concentration is ascertained to be within the control limit prior to 
usage. The reductant flow rate is measured and compared to makeup tank 
dropout rate at the lBX column panel board. 

. The product {lBXP) stream from the lBX column is contacted with clean 
organic in the lBS column at a minimum organic-to-aqueous flow ratio of 1.0 
to remove uranium. A neutron monitor on the lBXP stream and alpha monitors 
on the lBP and lBSU streams allow timely detection of significant plutonium 
recycle via the lBSU stream or loss of partitioning. 

The uranium strip column is operatea at the minimum aqueous-to-organic 
. flow ratio consistent with undetectable loss. Waste losses via the solvent 

are determined by sample analyses·. The uranium concentration in the 
lCU stream is controlled by maintaining the desired SG. 

Other operating safety concerns in the partition system are related 
to solvent flammability and nitration. The risk of a solvent fire is kept 
acceptably low by maintaining the temperatures of all process streams below 
·the flashpoint of the diluent, as discussed in Section 6.4.1.3. Positive 
control is maintained of. the temperature of the lBXF in TK-J3, the lBS in 
the organic solvent feed tank (TK-GS), and the lCX (recycled condensate) 
stream. The lBX temperature is ambient, with the upper limit defined by 
the temperature control on the demineralized water storage tank. Solvent 
nitration and its attendant explosion hazard are prevented by engineered 
and administrative controls on concentrator operation. The concentrator 

. must be boiling before the lCU product solution is routed to it, and high
temperature and high-pressure steam cutoffs and pressure relief valves are 
on the steam supplies to the tube bundles. 

6.4.2.4.3 Final Uranium System. Operating performance of the 2D col
umn is controlled in a manner to obtain a uranium product of the highest 
possible purity. Plutonium is removed by adding a holding reductant 
(hydrazine) to the 2DF stream and a plutonium reductant (hydroxylamine 
nitrate) to the 2D1S stream; the plutonium then leaves-the column with the 
aqueous waste stream. Neptunium.is separated from the uranium.by maintain
ing a near 100% uranium saturation in the organic solvent and forcing the 
less extractable neptunium to remain in the aqueous phase, along with about 
5% of the uranium. The uranium "loss" is continuously monitored with an 
in-line photometer and measured by analysis of periodic samples. 

Operating control of the 2E column is primarily concerned with main
taining an undetectable uranium loss to the organic waste (2EW) stream, 
with a minimum excess strip (2EX) flow. Uranium loss to the 2EW is mea
sured by analysis of periodic samples of the stream. 

Operating safety in the final uranium decontamination system is con
cerned primarily with solvent flammabilitY, and nitration. The risk of a 
solvent fire is kept acceptably low by maintaining the temperatures of all 
process streams below the flashpoint of the diluent (as discussed previous
ly in this section). Positive control is maintained by the temperature of 
the 2DF solution in TK-Kl, the 2DX in the solvent feed tank, and the 2EX 
(recycled condensate) stream. An upper limit on the 20S temperature is· 
maintained by means of a temperature control on the deminera)ized water 
storage tank. 

6-125 
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Solvent nitrati Ori anJ ' ~ts '~tteridari~ 'ild'fas ild~/~~;arci :'are prevented by. ' 
·· .. engineering _and administrative ·.con.trq ls. ·arr· concentr~tor ,operat1on ~ . The . , 

concentrator must be boi:l ing before 2EU. product sol.u:tton is routed to .it; 
· and ·high-temperature steam cutoffs and pressure relief valves are _on _the 
. steam supp lies to ·thE! tube bundlesc. . . . . 

. · 6.4~2.4.4· Second and" Third: Pluthnfum Cycles Q ·• Chemical. 'adJustment.' pf 
· the plutonium -product from the· partiontng system ·to 2A.J:olumi1·feed: sped~ . 

. · .. f.ications in JK~J5 involves. the·.oxidation· of ,plutonium,to .the ~xtractable . 
·· -:·~_.(plus IV) ·valence and;. optionally, .the addition ... of nitric:'· acid.*. The o?,<i- ·.; 

· dation .is ·.accomplished' by.-.. the additton·oftsod-iuin .nitrite '(NaN02) :in siiffi".' .·· · 
_;· : cient quantity-bl' react :with alJ-: qf. .. tbE(resJdual ·· holdi ng'reductant pl us\/ . 

. . the plutorifoin:red.uctant ·and',plutonium·in·so1ution~ ·. Insuff'kfont nitrite 
. would result in· incomplete· oxidation of the plutoniulJI ;and high plutonium 

-~- . loss.· to the.2AW stream, while· a- large excess· would ·enter the .2B c·olumn,.aiid. 
tn· ,· upset· plutonium ·stripping, since· nitrite !}on is· .readily extractabJ~ · foto •·. 
9 the organic. solvent.; · , . 

. ·.•~---
-:.'.~,;.: . . . . , , The amount' of nit rite added; to thE! · 2°AF tank' is cont.rol 1 ed by chemi Cal :_ ' 
.• .""1«j:;,,. analysis of·. the. sodium•nitrite stock solution and ·automatic flow control• : : 

·.:-.·.~.\. ,~ of. tile: 2AF-N02 -addjtiqn stream, backed up ,-b,Y head tank drop-out •readings',. a. 
-nitrite;monitor on,the-2AF· stream,,,and analysis of periodic, samples of t~e. ••·· . 

_ . 2Af stream. The nitric, acid coticeritratfon in the 2AF•::is controlled• by auto..;\•.·• ..... 
. ·'!'atic flow contr~l-of t~e lBXP_-HN~3 ('or_._.·2A_.F--HN03, i_fthis-.alternate ad.dition:, 
, -- 1s used) -and•mon1tored by the per10d1c·:·2AF sample analyses •... ·. ·.· . · 

, . . .· · Con.trol of ,the• 2A column ~perati~n ,is directed prHnarfiy. at maintain-· 
.·.· ing· a low, but measurableplutonium.lossJ:o the:2AW stream.- A slight loss 

.'. is desirable for· maximum deccintami nation.effectiveness,. but mus.t be. main- ·• 
, tained· at a .. low ,value (typic_~lly~> sTightly less than .1%). and under: ~antral 

·•· . to prevent. the accumul at ton of ·-,an -unsafe mas.s .'in the backcycle ·waste . · · 
.;system~/ The 2AW·plutonium concentr:ation. is continuously monitored with·.· 
·'the:2AW,: al pha-sciritill at ion, <fn-Jine monitor; -backed: up:by periodic.: 

· 2AW sample. analyses •. · · · · · 

_ Th~ 2B column utili_ies·. ·a. stripping (2BX) solution consistin~ of a 
\mixture of.hydrazine and.hydr9xylami11e nitrate•in dilute n,itric acid to· 

reduce. plutonium to the relative_ly ;inextractable (plus ]II) valence.· ·The'· 
presence, of the· reductan:t increases the- s·tri ppi rig ·effectiveness and a 11 ows• - · . 

. . the use of the organic ·scrub J2BS}:stream to.exfract- residual .uranium fro"m .. 
the· aqueous plutonium strea111~ ;:.Absence of. or: :inadequate,reductant, would·. 
result. :in high plutonJum,:loss.· tq ·the organic 1tJaste· (2BW) stream~ ·:control 

.. is effected by chemical' analysis'°of each::batch.-of 2B.X, solution, :bgcked up 
,, ·: by continuous· roonitoring ·of the· 2BP stream~.• 

· :·The.' 28P .stream {s,··adjusted =to 3A .column ·feed specffications by the ·J· · 
· addition. of fresh nitfic: acii:1,:to the. 3AF tanJ<. ·· Jn addition to providihg 

• salting:~treng~h to e'risure complete extraction of plutonium into the 

I .,_·· 
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.. _. , .- - ··-~ .. .. : ·:•11·1,;·_~--., -' 1·,.· - • ',~ •• >l~-(-):::~:~r~~/~,(:i;_--~_,._. · .•- · ._ --,. ,,-
organ.ic, the l"litrjc acidoxidizes.the·pl~tonium to.the exfr·actable Jplus·IV) · · 

·· . valence ancfdestroys· res.idual hydroxyl amine nitrate. The nitric acid addi-
·. ·tion is.continuous,· control led. with an .au.tomatic flow-contra l system, and.· 

. .·the con.centration is monito.red _bj periodic sample analyse·s. The plutonium 
.. ~ :: _: concentration .in:the. ,aqueous "waste .(3AW) str.eam is measured 'continuou·s1Y . 

•>: ·:·with ·.an in'."']ine .alpha monitor and periodically by sample· analysis, :and con- _ 
• · :trolled 'at a .low value ·(typically, less than· 0.3% .of the _plutonium in the · _-
- : ·JAF).by adjusting the 3AX {low~· The p-Jutonium.concentratioiJ in the >organic• 

.. _; waste ("3BW) ·stream from -the 38.·column ,i-s determined by periodic -sample ·_ · . -_ 
.,_',·.aria-lyse·s and controfleclat alow.lev.el.(equivalerit,toabciut·o.1% loss) by-·_ 
•: ,:jadjus tment of . the. 3BX flow. - . . - - - . . - . 

. •·· > :The· aq~eous'.product-stream_(3BP),i•; sa~pled P,eriodically:.for pluto~ -_
- ''. ,•n.ium·, analysis: and·· continuously aajusted.'with _ nitri~, acid to prevent the .. 

~(• -- ... \formation. of ·plutonium ·polymer in, the, 3BP str.ipping .towe.r>(T-L6) and ·the _ 
:a:''_ ·concentrator (E~L7). · ·Suff,cient acid.must be added tp compensate for acid·· 

.. ,;, - . · .·; l'.'emoveclduri ng steam 'stripping• in addition -to preventing· polymer formation 
· t~"• · during,the:,:concentration step.·· Solvent nitration is.pr~vented by removing 

_ ... _/~.•~~--.·~.·-_:.:.,'< >entrain_ea .a_nd soluble organ-ic;in ,the. product 'str(ipper·_and_by;operati_ng the 
:,:,;,;;. . - stripper ari~ concentrator _,at isafe- t~peratures · as discussed; in 

, ~.,, .· Section'6~4.·2~_3~4). -.. - .. • ·. 
--~""i 

- -~-- The·3BP'iis:concentrated by a factor: of<about·:five .in the:stripper to 
,_' ensure· complete s,tripping_ of. the organic~ Further concentration, as .. · .. 

required, is_ achieved in the plutonium•concentrator{~-L7)~ The degree of 
.. - concentration:in .,each.-vessel is control led 'by maintaining a ,preset bottom 

· liquid SG. :this operating.·con.trol is backed- up bymoni'torfog the product 
, accumulatiorL.in TK"."La·-and,· subsequent,ly,;:by sample analysis of the final • 

'· product~/ Concentrator .liquid :levels,are .. mainfained through· use of-a :vented 
. seal loop. The ,overhead-ico·ndensates .from -the ·stripper and concentrator, are 
· .. 'combined and :recycled,to the·:3AF 'tank.• The condensate is samp•led and: anal-: 
; _y:z,ed -routinely. :The concentrator bottoms .-liquid continuously: overflows:to :· 

,, .. the product.receiver tank (TK-LS) •.. The-concentrated plutonium product·is '· 
:·;tllen batch transferred. to TK-L9 for sampling•.prior··to Conversion .to pluto- · 
.·niu~ dioxide~(iee Section 6.4.3)~ ·· · 

... -,. . ·. ' .· ' . 

: 6.4.3 - Plutonium Oxide Production 

(;_ -Concentrated p]utoni~in·n·itrate·product,solution from. the third 
·-·. plutonium decontamination s'ystem is converted· to plutonium oxide in.the - ·• 

, .:·.". :_ pluto·nium,oxide production facility; described· in Section ·s~2-.2.1.3. . 
·:This section describes the process; major equipment pieces, and controls -
·,required to-ensure safe operation,.of the facility~ -

: · 6.4.~3~ 1 -. Functional .Description.· Pluton'ium nitrate produ.ct solution ·\s: .. 
· batch ·transferred from the- product receiver_ .(TK-L8) in L cell to the pro~ 
duct sample,·tank (TK-L9). Five batches (about·32.L-each):fromTK-L9are· 
blended in,one of the product storage tanl<s (TK-M3, -M4, -M5 or -M6) ,and 

.. accountability and product characterization samples are take.n •. After- the .
<·samples are analyzed, the· -solution is adjusted, if necessary, to a nitric 
_ acid ,concentration of 7M to BM and :the plutonium- n.itrate is r.eady for use 
- as·. feed-.-to the oxide prod_uction process·.·. . -
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The conversion of pl utOn i.um · nitr'ate to 'the·:·C110,cide. can be accom·p li shed 

- . by.either of two· methods (Fig; 6-34)<d-jrect den:it~ation/calci,natlon or oxa~ -
: late .precipitation followed by ·calciriation. , The 'direct denitration process· 

· ·. will not be us~ and is not discu·ssed furthero In the· oxalate prec.ipifa- . 
- tfon process~ nominal 12-L batch~s 6f-~lutonium nitrate are transferred to 
· the feed tank (TK-N3) .-and fed to the prereductioil tank (TK~N5), where 14% _ 

. , hydrogen .Peroxide i,s added to convert the piutonium,to -plutonium IV. The .. 
plutoni_um'.IV r1itrate f eed_s through TK.:.N~- tnto- the 'prec1p itatar:. (TK ... N7) .: . :. 

- · Oxalic acid is also added:,to the precfpitator at:a controHed- ·rate and. plu-
.tonium oxalate:prJ!cipitat_es.: The ·precJpitator: is· designed to. provide an· -

· average:,restdence. time ,of 12 ,to 15 ·rnin.: The slu.rry overfldws ·,nto the,··, -
, _. vacuum·:drum·::f:i l ter pan; the;p,lutoniuni oxalate· collects On thf,fi·lter cJoth · 
· and~·the.·,filtr~te is=· p_ulled through' the filter bi vac~urri to the-; filtrate: : 

. . . ---'receiver. The plutonium· oxalate cake· is scraped-off the rotating -drum fU..; ra _ . :'ter and. falls. into: the f~_d chut!=! of .the ·ffrst :stage calc_iti·~t• . 

-'~, _. - .. _·_. In the fi~~t :stage calciner (CA~N9)'~ the interst1tia'i -,-iquid' is: fi~;st 
>~~''. · evaporated, then the plutonium -oxalate is: s·lowly converted. to plutonium · 

:,_.~--._- '..dioxide as it is moved along the-c:alciner"trough.by the-~action of the con;: 
· ~~·· ·· - : veyor:_shaft~ exiting at· a temperature of about 350°C •. Final caltinatfon - . 
· ;j;· . and drying to greater. than. 99%, of· ab~olute dr.yness: (le·ss .than 1~0 _wt% .-Joss 

-· -~· _, -· on· ignition) is accomplished -.in the': second' stage calc.iner fCA;..NlO) ~-e- a 
temperature ·of_ about 550°c- ·. .. . . - - - - - . 

( ; 

. _ < The p.lutonium diox·ide powder dr~ps, froin the· second stage ·calciner;, 
. · ·_ . : through a rotary scalper. screen_ arid in_to the_ blender~ -After less th·an . 

40 kg of pJutonium oxide_ have accumulated in .. t~e-blender-,~-it is moved to~-· 
.. the blender rotation stana •. The_ plutonium·oxide powder is blended to a 
•-physically uniform consistency by,, the. tumbl-irig· action of' the blende·r, -· · _ . 

_:- sampled, pai:~aged ·(about J.5 kg/container).- .. .The final p:ackage _con~ist·s of. 
.· a tared slip .. lid can (r:-eweighed after filling} with the, 1 id- taped-on in- a . 
. heat sealed plasti.c. envelope:,that. is· inside a secbnd :can. sealed with a >.-, 

. . _ conmercia l carini ng machine and· pl aced in'' a 'third. can· sealed ~•rith. another.:·:· 
·:,, --- camiercial canning·machine. - The 'fi na1 pd"ck·age is ·weighed, surveyed for · · · · 

.· · surface. tontaminatfon, --Ja_beled and. removed from .the ·glovebox for placement 
. in .a shipping-container. - The air in the .. cal,c,iner, blender/ and.packaging 

g·loveboxes- is maintained free of motsture (dewpofot less than ---~5°C) to 
<ensure that the pluton.i_um.o)(ide i,s kept abso14teJy drY until it·ds sealed 
,:·~n ~he final co~tainer. A·safety ana1ysi's of ~he blend~r_operg.tiQn ._ -

1nd1cated that .. 1t can be operated safely under ·an cond1t10ns.l26J , 
.·' ':,, ' - ' 

. _,.,: Filtrat~- from ttie • .vacuum drumJil:ter is.tr~ated~ '.~friar to return:to . -
the solvent extraction, system;~ to- remove: 'i ricompati b 1 e cherrii cals and· plu- _ . 

. tontum sol ids~ The· treatme_nt tons i st_s· of. co·ncentrat ion/dig.est ion to--_. 
destroy the oxalate_ ion_ and reduce the volume; fol'lowed by filtration to 
ensure the absence:of pluton'.ium solids •.. The heat- exchanger.and c·onderiser 
condensc1tes plus·_tHe dilute acid .from the offgas ·scrubb:er are· normally .. 

· routed to. the sol vent extract ion back~yc lE! · waste sys_tem without treatment. 

.., ·.-_. -

--.. -' ·_ 
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The vessel vent and vacuum system provides :ventilation to the 11wet 11 

process vessels* to prevent acid fumes from escaping into the glovebox 
atmosphere; and vacuum for transferring solution between vessels and . 
filtering the plutonium oxalate. The noncondensable offgases are heateds 
filtered through two stages of HEPA filters, and discharged into the 
canyon ventilation exhaust. 

6.4.3.2 Major Components. The major components of the plutonium oxide 
production facility are listed in Table 6-20, and include plutonium 
nitrate storage and feed tanks, oxalate precipitation and filtration 
vessels, calciners, oxide powder handling equipment, filtrate and 
condensate treatment vessels, and oxide dissolution and rework vessels. 
All vessels; except the vacuum drum filter, are.of geometrically favorable 
design. All process solution tanks in the M cell encl.osure and N cell are 
fabricated frcm 6-in. Schedule 80 stainless steel pipe. The tanks are of 
either single-barrel or multiple-barrel design, with smaller inter
connecting crossover lines on the multiple-barrel tanks. 

I , 

The following descriptions are limited to those equipment components 
that have unique duties or features, or do not fit the preceding general 
description. 

• Precipitator Vessel (TK-N7) 

The precipitator vessel, shown in Figure 6-35,. is fabricated of 
polypropylene and is about 5 1/2 in. in diameter. by 11 5/8 in. 
high. The vessel has a rounded bottom to prevent solids deposi
tion, and is equipped with an agitator and center-mounted baffle 
to ensure good mixing of the plutonium nitrate and oxalic acid. 
The vessel is also equipped with an integral overflow line 
through which the slurry drops vertically to the vacuum drum 
filter. 

• Vacuum Drum Filter (F-N8) 

The vacuum drum filter, shown in Figure 6-36, consists of the 
following components: a semicylindrical filter pan that holds 
about 1 L of slurry and is equipped with an overflow line and 
catch tank; a rotating drum ~overed with a polypropylene filter 
cloth and to which vacuum can be applied; an air sparger for 
slurry agitation;ri air for filter blowback; an adjustable 
"doctor" blade for controlled removal of the cake; appropriate 
support framework; and a vertical chute through which the cake 
particles fall into the first stage calciner. The drum is 
constructed of 304 L stainless ste,el with a polyethylene core. 

*Those process vessels that contain aqueous solutions. 
riA variable speed mechanical agitator will be available as a backup •. 

- 6-130 
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Vessel 

· TK-L9 (product, 
·sampling · 

· tank) 

·rK-M3, -M4,·. 
- -'M5, -M6 
(storage 

·tanks) 
. TK-N3 (pump. 
tank) 

TK-N6 (feed 
tank) · · 

. TK.:Ns ( pr:e
reduct I on · 

' tank) · 

TK-N7 (pr~~t.: 
pltator) 

F-NB (vacuum 
drum filter) 

TK-N41 , oxa:-
11 c acid,_ 

, heater) 

CA-N9 (first - . 
.stage · _ · · 
calclner. 

. . .· 

.TABLE 6;_20.. 

. .. Slz~ 
Ht (cni)~ Vol. (L) . 

· 97, 40 

416, 214 · 

. 90, 14 . · 

100, 16 

· , 35,, 3 

36°'dla, by 20 wide._ 

, ·. '46, , : 3 ·• 

7,6_dla. by 168 long 

Oxjdcf Prod:uctfon· Eq:uipmei1t~ ,(Sheet Lof :3),: 
~ . . . . . . ·. . ' ... 

Services . 
. Feed 
souri:'es 

·• ,Pu(N03)' F~e_d Handling · . 

Agitator, Si1"'1Hng, 
Vi!CUum · 

Air sparger 

None 

TK-L8 (product) ,' 
TK-L9-A (H00

3 
flu,sh) 

·Tl(.:;.,3, -M4, ;.Ms; .:.Ms 
(rework) . 

- TK.:.L9 -(product) 
Se~vlce header (HN03) 

-T1{-M3, -M4 , -MS, M6 
(product) . · 

. Service _header· (HN03) 

TK-NS · ( produ~t) 

Oxalat:! Pree lpl~at lo_n/F I ltrat l~n> 

Heating Jac~et, sampler, T1{-N3 (product) 
reclrcu,latlon · · JK-N6 (recirculation) 

'' 
Agitator, 

Air (for fll.ter .blow
back arid sparger), · 
vacuum. 

Vent: electric bayonet 
heaters. · . : . , ,· ' . · . . ,'-- ... 

Calclnatton 
. '·· 

~~N4 (Hi2): : , 

T1(_:N3S~ _O::N36. (oxal le) , 

S~rvlce.header (HN03)· 

T1("'.N7 (product slu,rry) 

Service header (HN03) _ 
. \ - . . 

p·;..N35/36-1 (oxal le 
acid) · · · 

Electric.heaters, screw, F-N:e. (fll~er,cak~) 
vent. . . Jnstr1111ent. a Ir. header 

(Air for filter blow
back) recy~le PU02_ 

lllscharge , 
to. 

. T1{-M3, _ .:M4,. -MS, -M6 

TK-L3, .:.u1. -Lh-10 · 

. ' 

TK,-N~ (product) 

TK-NS, · (product) 

TK-M3, -'M4, -MS, -M6 
· -(over.flow) . 

. TK-N7, (product) 

TK-N6 (product:) . 

p;~s-:- 1. ( re~ lrculat ton) -. 
, (Steam condensat_e i ·. 

rou~ed ·to· TK~FlO) 
F~NB (~xalate slurty) 

TK-~11 (iiurat~) 
·cA-N9 (fllt~r cake)_ 
[slurry overflow . - · , 
(overflow vessel_ Inte
gral with filter)] · 

' . ,: .,. ' 

TK-N7 

CA~ftlO (PUO~) _ -
F--N18 (offgas) . 

V,. 
·.c:, 

·,:_ : ,·I 
. ·- -":C 

:.t:JV, 
l'T1 I 
<:V, 

w ?ii_ '.,. 
0 
0,, 

.. I-' .· 



di 
-1 ·,-.. 
w 

·N 

_Vessel·. Size .· 
Ht_ (cm), Vol (() 

CA-NlO (second 7!6 di~ by 168fong 
stage · . 
calcln_er) 

K-N 1.1 ( fll -,, ' · 
trate' ·•-· 
receiver) 

TK,-NU (fil-. 
t rate ccin-· · 

155,' 29·. -. · 

. 226. ( tow~r); 38-

· Services, 

Calclpatlon ;(Continued) 

Feed 
s·ources 

Discharge. 
· to 

heaters, screw· CA,:.Ng (lnstrtJ11ent air Sc~e~n ~nd blender' 
head!!r, (bleed air)] · 

. F l'ltrate and Condensate Treatment ·.. ' . . ' ' . ' 

: steaiii.:he~ted Jacket an~ 
,shell and tube re.: 

F~N8. (f I ltrate)" 

TK:..N30 ( sump ,waste) 

TK-Nl5 1 -Nl6 (fll., 
trate rel'«lrk) · ·. . . 

TK~N21 ~ -N22 ( conden
sate rework) · ' 

s~.r.v1c~ header (HH03) 
TK.:.Nll . . . 

TK-N13 

· _ce~t,ratcir) : 
. 131 (reb~ner), 32 

. . . bo Iler·, 'packed upper 

)K-NlS/-Nl~ (concen- •· . 
. trated flltr~te.) _-.·•·- · 

' tK.,N_ 19 c_o,_ .. _,ga.·s ni<.::N30 '·. 
.Is· vacutJ11 :tank) l · · • 

TK-N15, ~N16 
(filtrate 
holding 
ta~k~) . 

F.-Nl 8 (ca le I-, 
·ner offgas) 

TK-N19 (offgas 
scrubber) · · 

TK-N21, -N22 
[condensate 
receivers 

'(3-barrel 
tanks)] 

191, 85 

30, 4 · 

·228, · 10. 

205, 105 

· sect Ion · · •. 

Recirculation,. steam 
jacketed center. . 
s_ectlori~. sampler 

Air blowback' · 

Packed 
0

upper sect iqn~ 
. demister, recircuh-. 
· . t Ion of HN0 1 scrub: 

Hqwr, vacDllll .. · 

Chemical -addition,· 
Sillllpler ~ · ' · 

TK.:NlJ :(c~nct:!ntrated •· 
filtrate)· · 

.JK..:(11,,~Efi -(~xalate~ .. 
· :fre'e flltrate) . · · • 

· · .. · TK.:.N 11 ·· (o~a 1 af e-beadng . 
f titrate)-. · 

E-N~ 1s. ~1·6-1 (offga~> _· 
TK-Nl 9 ('of fg~s) . ·_'. ·. . 

. ·• ' ... -. 

_CA.,N9 (offgas) 
Ins t~11Dent . a Ir header. 
(air for filter 
blowback) : · 

F.,!H8 (calclner off • 
gas) · 

. . . . 

• TK ,.ff 13 ( cpnce nt rator • 
offgas) · 

JX~N21 ~ · -N22 ( conden- · 
· · sate_ receher•offgas) 

E-N-15-1 ~ -16:_ 1 (fil
trate rece_tver offgas) 

_ Ser.vice h~ader (~N03) . 
TK-N19 (scrubber. 
conderisa~e)' 

CA-N9 (powdef'.) · 
' . • • • • ,.4 -

-_ n-1(]9· -( ~,, g~s, -

TK-N?l, .:ti22 (ov~rflow) 

TK-N15. '-N16 {o'vei:flow) 

TK-FlQ ( condensate) . 

TK-N19 (offgas) 
;TK~Lll (Pu bearing ' 
condensate) . . . 

· rK-N 11 · (ox~ 1ate ·. , 
_bearln~r > '' 

'(/) 

..CJ ,. •I 
:::c 

;:o (/) 
rrl·f 
C::·.(/) 

.•. ,:):a 
·.w ;:o 

I 
·o 
·o 
'~ 



Vesse_l 

-----
TK-N12 (verit 
seal pot) 

•. 

TK-.N20 (seal 
liquid 
surge tank) 

S-N24 (vapor-
liquid 
sepantor) 

TK-NlO 
( vacuum tank) 

0\ 
I 

1-'-J' 
W· w: TK-NSO, -NSI- · 

(dtss_olvers) 

TK-N52 (rework 
receiver) 
TK::;H53 (rework 
.storage•. 

TK-,)154 (rework 
transfer) 

VT-N57 (vacuum 
trap): , 

F-N52. '-N53~1 
. F-ns2~ ·~nsj-2 

( product · • · 
filters) . 
F~N52-1 · 

il\BLE·6~io. 
.; ,· ·-, .. ;_:,...::_'..,.: .. .._..,.....;· .. ~ ~r••- -.-·· .. :•-.- , . -~· . 

Oxid~ Prod.1Jttion· Eq'uipment. · (~heetJ of 3): . 
: '·. ··-····~---·: . .....,;· .... :. .. ·--~, -·- - ·-· .... ··,-~--,- .•' ·' .. ·-.. . 

' Sfze 
Ill (cm). Vol (l) , 

30, 2 

50, 8 

53, 5 

14'1, 24 

91, 16,5 

.152, . 85 

278, ,90 
... (2bbl). 

. 76, 13.8 

·.76. 4.5 . 

I Fl lters . 

10. Pan Filter 

Services· Feed 
·.so,urces 

. Vessel .vent_ and Vac·uum System 

Chemical addition 

None 

None 

Chem! ca I 'add I ti on 
Air sparger 

Vent he·ader • vent 
from TK-N5, -NII . 
TK-N38. (HN0~1); ·S-N24 
(recycled seal · ·, ·· 
ltguld) 

VP-N23 

Su1111s NIA,. -N2B, -N2C 
·-NJ (waste); TK-N20, 
P-NJ~-1,. coo ltng 
liquid) . . ' 

· OJCld~ Rework Facn tty 

Steam heat cotl afr 
·sparger, va~uum t'rans
f er line,· condensers· .. 

Vaciiiln;- a Ir sparger 

.P,ump for ·ct~culatton,. 
c;ampl 1ng, f1 ltratlon,· 
var11u111 · 

Sparger~ v"acui1111 .. 

yacuum 

n:~N52" . 

TK-N53 

NaF and scrap pow1ler; 
· HN0

3 
·servl ce head~r- · 

TK:-N54; Vf7N!i7;',ANN 
· header· 

TK-N52; ANN header; 
~ , 2,!!_ H_NO l header, 

T~-N50, ~NSl _ .• 

(vai:u~ for Tk~N!i2 .· 
and TK-N54) . 

Tk-N53 

TK-N54~ · VT-N57 .· . 

Dlscharg'e 
', t(i . 

GR.-Nl-8 overflow 

P~ll~O-l (~~al 1.lqul·d to 
VP-N23; _B-N27-l, '..-2; 
(vent) TK~NJO (drain. 
for· seal Tlqutd) 

TI<-N20 (s~al I iqufd) 
B-N27,:-1 ! . :~2 (off gas) 

TK~~jg_ < g·~s ). · 

TK::;L ll . ( I lquor' ·Waste) 
TK:;Nll ( ltqu?i'_ Waste)' 

TK~N54 ( rework trans- . 
fer) : 

. 1K-N19 (vi a conde~sers 
E-N50,· -N5J) 
TK~N!il (rew6rk sto~a9e) 
Jvla f:-1152, -ff5J.:t __ ,2) 
TK-ll I, P-N52; ~N53-1 .. 

'(for rectrculatt_on) . 

.TK~N52 ila F~NS~-1 
·.TK~N51 (m,orf) 
Tk~N52 v I a r~NS?.~ I' 
off gas to TK-tlJ_O · 

TUi-52 

I 

'• I
'.• 

··v, 
·_·.1 · : T' '>:c' 

:xi V, 
.· ·rr1 ' . ' 
.. -<v, 

w~: 
: I 

0 ·:o 
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·- . First Stage Calci.ne.-~ (CA-N9) .. 

''. .· The f irst~,stage ~alci~er, ~~pwn,:~tth the insul'atj ng. sheath, :_in:_. 
Figure .6-37, consists of a covered, heated trough,· 3 in.: in dia';., 
meter by 66 in. long, wi_th an a~ially mounted ribbon flight* . 
screw conveyor; thetrough, cover, and conveyor screw are tita= 

·. · nfum •. The insulation around the. cakiner is .clad in stainless._-·. · 
·. steel to. prevent, absorption qf plutonium solutfon o.r deposit ion. . 

.of powder in the.event.of a- leak in the trough. The,·calciner fs,.·_·z · 
. ·equipped.with amu.ltiple-bayonet-type.porous~ metal filter mou.nted.; 

· .· near the-. inlet to catch any powder .. entrai.ned wi-th-the offgases •... 
An air bleed stream enters near ·the center of the, cakiner. ·: : '.. 

· A recycle_porf·ne.ar- the powd~ri:exit>is;,used ~o: retycte/ ,· .- ... 
incompletely calcined oxide from the rot~ry·_scalperscreeo and. 

,; th.e blender.,· . . . . .. . - . . . ·• . -

• ·Second~Stage Calciner _ (CA::,Nio) 

, The second:.sfage calciner is-similar ir1· siie to the· first-stage .. 
unit. However, the major ·components of this :calclner are stain:- ·• 
less steel, the :~-~lew,"':~:OJ\Y1~Y<>'fti1$ -~~:;:spJ.f:d~·tlight ,type~ and it:, ; · .. 
has no separate0 '<:iffg"as· Ti ne·/.?itie ';a:-fr'J:fleed':;-st'ream for the ca 1-

-ciner .enters at the prod~°c,~ ·en~ . . . . 
,. ~ . •:·· :i - 1i. i/' ,,~-- ,:.,. ·,:~<;;· 

•. · Product Scalper ~Plu't~n-fum Oxide 'sc~~enl 

·. The product scalper,: shown in Figure ·6-38, 1s co.nsfruct.ed of 
304L stainless steel.· Powderi.sdischarged from the 
second-stage ·calciner:- ontJf.the· enclosed, vibrating product · 
scal_per screen. Small particles, fall. through. the screen. into·. · · 
the blender, while larger- particles are for.ced over a ·partition: 
into a. rework holding container. . . . 

• ' 0 • , , ".: • 

, •· ·oouble~ConiBlender ·,. -

The blender, shown in. Figure 6-39, contains an internal -spacer · · . 
:consisting of a cylindrical .cen1:er section with cones- a~ each •·• 
.. end. : The. spacer. is filled· with boron carbide,' a neutron poison~ 

. -.>The stainless steel bleil.der housing .surrounds the spacer.; the . 
. · ·. powder_ mixing occurs -i.n th.e annulus._ between the housing and the 
·· .··spacer;''Mixing vanes'·ar-e·attached·-to:t~e internal spacer to 

·_. assist iri blending ... Slide· valves are mounted at each. end, w.hi'ch 
are designed to- mate with similar fixed valves ·at the product. · ·.· .· 
scalper screen discharge·and the can.filling machine. The ·powder 

. :annulus. is filled with. less .. than 40 kg·of plutpnfom-oxide. · Two 
. ·.· blenders are use_d.· dµri_,:ig· routine operations:·· one· 1s in position 

- under. the _scalper discharge·~ and one in the blendfr1g or the can 
· f·illing position. . . ·· · . · · · 

, · ·,*Jhe ·,ribbon fl 1:ght conveyor• corisi-sts of a narrow· spiral rod·· or . 
. ,-

11 rtbt;>on 11
; jµpported :about l/2\in· . .-. awayJroni.the shaft by _gussets _at 

:>:'90-.~egree:-intervals.<of :.arc •. _ · 
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· The·:ca)1 filler-conveyo·~, .shown· in 'Figure 6-40,. is a mechanical . : 
device: for transferring .the p;lutonium oxide powder<from··the. . 

·. blender into small (3 1 /2"."irii in dia. by 5 3/4~in~..:high} tfon~c:f · 
cans :witt:i slip-on Jids, :installing the· l,ids .on·:the cans, arid 

-transporting the cans .into· the··final ,loi1dout .glovetfox. · 'The .. · 
··. device essentially consists of a·slide valve,. a.chevron valve;·a 

can :holder_ and lifting.mechanism; an electromagnetic vibrator:· 
·._ drive, a velocity. transducer, a·-can )id'. removal/installation> 

· .. mechanism, and. a screw~dri ve conveyor mechanism.· -The ·entire .: · .. 
.. . . unit ._is .designed to ·be. reniotely operated, .. thus minimfzfng · , 
·. ,operator _'exposure·-to radiatjon. ,· This· device has been designed 
· 'so that ·all areas where, ·powder accumulation cou'ld·, occur are, 

: :_ .·: geometrically;.favorab1e •. . . ·. ·e. . . . . .. 

. . · ':• .-Filtrate Concen·t~ator- (TK-N13.) 

,·. The.filtrate concentrator:· .is an Jl_.,fL ·. lO~_iri~·.:.high, by 6~i n~·:.. 
· - -diameter stainless steel tower with .a 3.:.ft.-hi:gh by 4-in~:.. 

· diameter tit,anium ·reboi ler section at the bottom •. The top : . · · · 
·. 69 i ri~ 'of the- tower icontains l /2-i n~. Raschig ring packi-ng· for. -

._ - li q~•id deentr.ai nment. :_ . . . . . . . .. . . 

• ·,oifgas S~rubber {TR-N19) · 

The offgas 'scrubbe~ is_a·go:..;n~-high .tower:: with the upper 50 in.: 
section contai ni.ng. 5/8-i n.- pall rings·· {about· 38' in.) and. a· ini st ·, · 
e_liminator- (5;_1/2 in.)~ :The· tower is·:equipped with -a recircula-· 

·_ tion system to.,scrub the gases .with dilute.nitric acid •. •. - .. 
. . . ~ . - . ' . . . ·. . 

• _ Fi 1 tr ate R~cei ·ver -( TK~N 1 l) .and Vent Seal Pot <( TK~Nl2) ·.· · 

The fj]trate ,rec~iver tank, TK_:Nll, and the· vent seal pot, T!(-N12:, ·.· 
· are Pyrex glass. pipe with stainless: steel end flanges. i Vessel· . · 
TK-Nll is. 60 in. ·1ong •with a 6-:in. _inside diameter and ·TK,;,Nl2 ·is 

· · 1_2 iri. long .with a 3-:in. ··inside diameter. · The·:_pyrex glass pipe 
has a 0. 328-in~ ·wall.thickness. and is. protected· from striking• 
objects by a ·number of stainless steel rods which.extend the.·-.: , 

'.:length •Of the.tanks _and hold the erici flanges ,tightly in p]ace~ 

1 .. oemisters 

Demisters·,(D-N50-·l~·-N51..:1,--N52-l,·and -N54-1) located· in the.· 
· rework glovebox N-:-6, are also connected ·to ·the offgas scrubber~ ._ 
· These demisters are constructed _of Kynar* plastic .pipe with ·· 
, packing and replacement capability. 

Pennwalt Corporation· trade: name for polyvinylidene fluoride plastic 
resin~ · 
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. Out.:.of-specificatfon-pliJtonium materials from N -cell wlll be-dis.; 
solved· in ·a rewor~ g·lovebox. · The rework glovebox is di'scussed in 

· '· Section 6.4.5.3. · · · 

• 'G lov~b~xes 

'. All -p~ocess vessels,· except Tk;_M3, ~M4, ;_MS; -M6,-- -Nl5, ;_Nl6, 
· -.N2l, -N22.,. -N39,· -N40,: and N-53*. are located :; ns·ide one of>the 

vesse.1.gloveboxes. -Each gloveboxjs·designed·so··that·the larg-,:
,, est- tank in the gJovebox, :full of .pJutoriium solution~ could_>· · . 

. _ . empty to the- floor and.,the liquid level would still be :_too shal.,; ' .· 
.... low to cause a nuclear critical i_tj.-acddent •. The· "wet" glove- · · ... 

,boxes**:•are ·equipped •with overflows···that drain. to L cell via a. 
·conman criticality drain~ .. All'gloveboxes are shielded, as,,neces~· · 
sary~-·to prevent excessive exposure to operating personnel~-- ·' · 

, ' ~ .. ' 

·/6.4_.3.3 :Safety Criteria and' Assurance~ 'Jhis .secti.on discusses the \safety 
;' asp_ects ·and engineered. safety features ·of the plutonium oxide p·roductic:in: 

·fac.i]ity." · The recogn·ized process haiards associ~ted with' the conversion 
-· ·of p lutonfom nitrate solution· to p·lutonium dioxide· powder_, the· -subsetfuent 

packaging of 'the· product._powder, -· arid the handling of· waste: and ·recycle . 
solids, -liquids· and ~gase·s are ·Jfsted -111 Table 6..;21.. · · · · 

· ,6.4:.3 .• 3~ 1 · Nuclear Criticality ·Preveri-tfon~ The. acc~mulation of fis- · 
-: :sile material is restr.icted by ves~el anci equipment geometry, process con-·.·,.. , 
·. ditions, 'and operating controls.,to,ensure·,that at' ·1east three unlikely, .. ·· ... 
. · -independent, .. and concurrent errors :(or conti_ngencies) are·.reqliired before· .. 
. ;•a nuclear criticality incident is possible within any glovebox or _the 

M celLfeed storage area. · ·· · · · · 

. _ ·· The:>highest acceptable value-of keff (after considering the two 
··•·· worst·combina·tions,of contingencies) is l_ess than 0.95 for calculated 
,- values and 0.98 when.-it ·is·possible-to make a. direct comparison with 

.. : :: ~xperimental data for a· c lose_ly similar. system. · 

·. •; Feed for Oxide Coriversicin 

<The p_lutonium concentration in the feed is limited to a maximum 
: of 450-' g/L by SG. coritr·ol in concentrator ·E-L7..:l :and product· 

. · buildup rate in TK.,;LB-with verification·by analysis of a sample· 
· from the product sample tank (TK~L9). -: Due· to ·the low-steam pres-

·. sure •used .for ·concentration .in E-L7-.l :and the physical character-·.· 
· istics .of 'high-concentration plutonium ·:solution ( i.e.~ boili.ng ·· · 
•·. point ·and vi:scosity), it is very unlikely that the 450 g/L limit. 

~ill be ~xc~eded. · 

*·Vessels TK-M3, -M4, -M5, and ,;.M6 are located in the M cell enclo-. 
·.,.···: · .... sure •. Vessels TK-Nl5, -Nl6,· -N2l, -N22, -N39, -N40, and. -N53 are located 

in the pipe chase between the PR room and. N cell. . 
.. **Those gloveboxes in which vessels _containing.aqueous solutions.are-

·, located~ · · · ·' · · 

· · 6;,.142. 
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. System or 

. ·subs"ystem 

Product. 

Feed 

Dry ai.r .· 
gloveboxes· 

Loss on. lg~ltlon 
above 1.01 .. · · · 

Pu ·concenfra'tlon 
above 450 g/L 

Ho.1st air 

Pu buildup in . 
glovebox~s· 

Pu exc~eds .. 
. 3 g/tm ·· 10 so.I.id 
form .. · 

UrMailt~d energy Jlow 
·:(lnclde,:it), · 

High moisture In product .... 
.po~der • · 

. Jgnltl_on in caJ~lner 

- •, _ _,,. 

Moisture· ,In PuOz. prodµ~t , 

,System design' exceeded 
' ., 

,System de.sign exceeded 

,Consequence. (lnvnedlate 
an~/or se~ondary) 

Jf. canned,' cans •.could 
pressurt ze. and' spread 
contaml nat Ion · 

Calclner pressurlzatfoni 
Pu spread within hood 

· One level of<crltlcall.ty 
prevention compromised. 

Calcined product will · 
absorb.moisture; could 
cause ·can pressurlzat ion 
and spread cont am I nat Ion · 

One level. of criticality· 
preventlon_compr~mlsed 

One .leve 1 of crlt lca,llty . 
prevent .1 on cOIJ1)romi sed. • 

', Barr1eh (design. 
'admlnlstrat Ive, 

safety ·devices, etc,) · 
' ' ' " / . ' , 

Each blender batch -Is sampled for· 
loss on Ignition before can load
ing; scalper screen removes over-

. size, undried· chunks of producti · · 
calclner tenip~ratures and screw 
sc.rew sp~ed~ continuously monl- • 
tore_di .dry ,ih···used .In gloveboxes 

· Pu(N0~)4 it ste!1ffi ~~rlpp.ed in T-U 
to .reioo~e. organic prl.or· to.· •· • 
transfer· ~o H eel l storage ves".', 
sels; H ceH'.vessels are emptied 
each.batch to prevent accumula
·ttoni phosphorous. analysis, and · 
vtsua 1 exam I nat Ion· of feed 

. sa1111leSi cafclner".run negative to 
. g loveboxi ''e:_lec~tlca 1 h_e·ater · 
· maintenance··, •. · · · · 

feed sa1111Jed,,vessel .SG ~ontlnu-
ous ly · moil i,~ored . . . . . 

~ ._- ... ' ~- '·. 

'Air continuously monitored for 
. dewpolnt(dua1 al.r dryers; product 

contained 1n··equlpnient; loss on·. 
.·• tgn It Ion ;sa1111 le',taken from _blender 
· before l!J~dout; .pressure In dry · 

gloveboxes higher than. tro wet 
. gloveboxes• , , ·, ·· · ... 

continuing l,:iventory:of·pu con
tent; house~e~pl_ng. fospectlon 

No'"equlpmen·t capable ofprodudng.· 
. solids bf'thls. high density · ', 

' .. ~·- • -\"-:._.,: • • • • .~ ·,:..' J. , 

. ' ' 

-.'., • .. 
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TABLE 6'.'"21.· Process Halard Ana lysis;.:;,;,plutonium Oxide Production., JS.he~~ 2 ·of, 2} 

System· or 
subsystem 

N ce 11 aqueous 
waste recycle · 

Vessels and 
. piping 

Energy 
_(hazard). 

Oxalate Ion In 
solution· 

Pu concentrat Ion 
6 g/L. 

Pu 

Rapid ii o· 
react lo~ ~n 
TK-N5 

Ex'cesslve,alr 
sparge of vessel· 
for solution 
mixing 

Overfilling a , 
vessel with 
so lut Ion 

U!Manted energy flow 
. ,(1.ncldent). •.· .. 

Pu precipitation In non
geometrlc~l ly. favorable · 
PUREX vessels· , _.•· : . 

Transfer to' nongeometrl-. 
cally favorable PUREX •. · 
vessels and sumps· 

Pu polymerization caused 
by too- low acidity 

Pressurize TK-N5 ; . 

Solution Into vessel vent' 
or vacuum sys.tem ·, . 

Solution into vessel vent 
o,r vac,uum system 

. Consequ~nce ( lirmeil I ate 
·• and/or secondary) .. 

One level of crltkallty 
prevent I on. comproinl sed _ . 

One level of criticality· 
prevent I on comproml sed 

One lev'ef of criticality 
prevention compromised , · 

Moisture Into. vessel vent 
heater; so lutlon fo·rce4 • · 
up WF and_ SG dip tubes 

Solution In vessel vent or 
. vacuum. system; one level 
9f crlt I cal lty prevent Ion 
compi'omt sed .. · 

' -, ; :: ' 

· Moisture In vessel veiit or 
vacuum system filters;, ._ 
one level of crlttca11ty 
prevent Ion corilprom I sed 

~---' : , , 

'.Barriers (design', . 
. 'adm,lrilstratlve1 : • 

<, safety devices. etc._) 

Oxalate .Is killed by heating in 
HNO In TK..:N13 1 TK-N15, ·and . 
TK"-~16; waste streams are sma 11 tn 
volume and. are sa"" led for · 
Pu(C O ) ·before routing back to , 
nong~oielr1callyfa11orable_ PUREX 
·vessels , . :·,· · . . . , : ·, · .· 

Waste streams are smail In volume 
and are srui-., led for Pu conce·ntra
tlon before routing. to nongeo- : 
metric a 1 ly favorable, PUREX . _· 
vessels;. vacuum· drum .-ft ltrate 
visually observed for color a_nd 

• solids; change lndfcatlrig high 
Pu -waste loss · . . 

. Closed loop cooling liquid .Is 1.2M · 
HN01; process condensate lM HNO:{".' 
water add to vessels excluifed; · 

· solutions are·_dlluted with 1,2M 
!!ff03.. ·' . -

Vessel oversized to-allow for. foam 
._exp ans Ion; H,o2 t Im~ lncrementa 1 
add system;- vessel vent header · 
will drain solution to overflow 
seal pot TK:-N12' ·. . 

Air sparge rate'controlled; vessel 
vent header drains. solution to .. 
overflow.seal pot (TK-N12)~,TK-39. 
and, TK-40'.are _In the vacuum sys-·." 

. tem to catch and detect so lut fon .. 
. fo V~CUIM!I System . 

Vessels ha·ve h.tgh-level alanns; . 
vessel vent.header drains solution 
to. overflow seal pot TK~N12; TK-39 · 
and .TK·-40 are_ In .the vacuum system ' 

_to catch .and detect splutton In· , 
the vacullil, system 

' V, ·.· 
C . I .. · 
::c:' 
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w ;;a 
. -c!:,>_ 

s 



._.~. 

.· ... ·-;\··· 

. ., "' . 

SD-HS-SAR-001 · 
.• . :REV 3 . 

.f 

· • . Vessel, Equipment, ani Glo.vebox Design'. .. ·. 

' :.Considering a maximum ·of 450 g/L :pfoto,nium and fnteractio'ns ;, ' 
:. between vessels, equipment Jexcept the· vacuum .drum filter, the . . .. 
··vessel Vent filters, and the va·cuum header filters); pip.ing, and · 

vessels are geometrically favorable by :design. Protective . . .. 
systems and _administrat.ive .controls hav~·b~en desig'1ed f.or each· 
of these filters to ·ensure·. safe ,operation~·.. . 

. . ' . ,, .·, ' ···,.:· .. ·· 

The vacuum· drum filter is 'safe dOring ·nonn~l-operatfon;· however,<: '·, 
· malfun~tion of the doctor,bl~de' and/or accumulation ,of plutonium· 
'oxal,ate:ontop.of the calciner:,ar·bufldup of .a:-filt'er:cakeon_•,• .. 
, the. drum,, in. excess, of l i.n.· :must be,,.:avojded. · The adjustable . . 

doctor ·blade is :designed - to-~ mairttai n'-the filter. c;ake ·at.a· less. :.' 
than l~in. depth at .maximum adj4stmerit., AdministrativEf.controls 

: ffi:: 
· limit the accumulation· .of plutoni.um ·oxalate ou'tside ,of the· drum: · 
filter and calciner chute~·( Visual inspections arE?niade to rrio~.i:..' 
·tor.doctor blade·. operation _and exc·ess plutonium oxalate accumlil a-.' !>~1 

·it,: 

~,:,~'-, . tion. around the docto·r blade and chute to>cakiner area~· Visual -• 

:~ 
:~-i;r.-,' 

-• . ins1iection js-perf armed by c;losed-circui.t ·television~·• by opt,icaT, . 
viewing systems from ~he-upper. control"room, ·and/or by per·i,odic : : 

· wal k-i;hrough -inspecticms· irl ttJe,g_lov~box ~oorri. The· overflow crf •Ji;·., .. slurry from. the filter pan 'wlll' be· detected by a conductivity 

. . ': ~-- ' . ': 

·- --- ·_.·· .probe-in the overf.low-·catch:t'ank·,.·which will actfvat:e .an alarm 
: · in· the control room~-· · ·· ·· · · 

The· vessel vent .fHters and vacuum header f ifters are safe for 
-- --- · ... all dry powder loadings • .- .·Liquid-must be ·excluded from the fil-:- · · 

. ters ;to maintain.a keff of.less t,han 0·~95 at all powder.load~:
·.· ings. · A vessel, vent ·filter- protect~ ve system containing -the · · 
•· ... :S-N42·cycloi1e separator is>9esigned to:drain the vessel.vent· 

:: header to an .over:flow seal p·tit (TK-Nl2} in, the event liq_uid 
-. \: enters "the vessel vent .header from any :vessel. · -The iprotecti v·e 

· · system for the vacuum· header filters consists. of). knockout pot 
.(TK-N43) and two 'large recei'ver·vessels in series· (TK-N39 and .. 
. -N40) .which are oper,ated empty- ·to provide surge capacity for any -
liquid_ entering the. vactJur'n. header •. .Independent i n_strumentation . · 

· and alanns are provided on each of tne vessels. to warn. of an . 
. off ~standard: conditi<;rn. '. ··•· • . 

' Glovebox'floo;s are geometrical ly--fav.orable by design due' t~ the 
.overflow drai"n system· that: limi_ts'.:the . liquid deptb: by drai ni rig .. • 

.,.,,, excess.soluti.on·fo the:largeLceJlfloor·area~ .·AH:glovebox -.-
sumps and the .M c·ell sump. are small (for ~early liqujd detection):. 
~ricfall sumps· ar~ ge9metricallj favorable by design. · These sumps 
are equipped with c;onducti vity probes for leak 9etection. ~nd · 
alann. · · · · · 

·. 6·.4-.i.3 .2 Containment.: · Primary ·cont-ainm~i,t of· plutonium solutions 
;.,'- and powders is provided· by the.v.ess~els· •.. With the exception ofthe precip~. 
• .. itator'. arid the v~cuutn drum filter, all tanks are closed and. mainta.ined at · . 

. ,>:. · a. negative pr·essure :relative to: the glove box atmosphere. by the vesseJ Vent: .. 
·_. ·orithe vacuum,·system~ -.Each M·cell tank.has all-welded construction~ The· 

· ..•. ·.·-ffrst0: fJangesi, fn the ,sJs:tem are' at the pl.utan furn feed pumps, in glavepox N7. 

•, ,"·,'' 

' ,, , 
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1
:;.-;,1\ 1 ,-: . ·:· ,. , .. -•· __ ,.,·,' "::. •._, ·: 

, _. - Air supp lied: to .-gloveboxes:'from· ·the··g;ro:vebox·:room' <i's .filtered :by one 
· stage :of- HEPA filtratJon at .the glovebox _wan· as a precautio~· agai_nst·an 

.... ·airflow· rever:sa_l. The gloveboxes are maintained at a negattve· pressure : 
· .·· · relative to the. glovebox -room which,· in turn, is ·,negative relative to -the 

; _,control room~ Thfs DP .._system assure·s · that airflow is from the· least con-
. · :t aminated to· the most eontami nated :area and prevents afrborne contami na- ·- .. 

> ;: ~tion .from r.eactiing operating ,per·sotinel and ·relatively clean areas' via_· the- ·. 
· · heating, ventilating, ·and air conditioning system •.. Each of the gloveboxes .· 

_ is ·sealed-to· prev.ent liquid qr powd~r leakage to: the room.· ,-·The' gloveboxes· 
. are·. steel with glass .wtndows. · Gloveports are .located at_ convenient places· .. __ 

·-,:on the:walls .• · The Ventilation-system is designed so that the airflow_'. -- ·
·:through· an open·gloveport. will exceed -a velocHy of 125 ft/min tfrrough the . 

opening~ .Gloves or-port c:overs_,'will normally be:il'! place:at alJ·times •. -··. 
~ ··Removable panels or bag-out ports are provided on· each· glovebox to- facili-

. · tate .the -remo·val ·and. rep-lacemen_t of equipment. _ \ 
·. ,35· 

~·, .. _ ·, _ . _. 6.4~3-~Jj_ . Personnel Exposure and Contamination. Personnel exposure -
, j s kept to ;a minimum by_ a combi nab on -of shield.mg and pract.ical.:remote · 

.- •operation_·-of the equipment. · Shielding walls and :shielding viewing ~indows · 
. · are provided for·the control room;· The glovebox- walls are shielded· in· 

""".iu;r· <. those areas._where significant.qual')tities.of pluto~ium-are located, and ··at : shielding panels can be moved into.place fo front of the powder load.out . 
. . 'and calciner .glovebcixes _when access· to.the gloveports--is not required •. In 

. addition, leaded gloves ·are ·used ~s ·required to reduce ·.the exposure to. the 
hands and arms when. it ·is necessary to work direct_ly in the glovebox. · 

The plutonium oxide sYstem can be operated remotely (from the ,:N c·e1 l '. 
· .. control or _glovebox room)· up to and: including the powder container.filling _ 

- operation •. : The final packagings.and transfer ·of product or off-specification . -· 
•- material·-ouf of the glovebox is _performed manually. _ · .. ·, . : -·-· · · , · · _ 

. - · _·:.- The.,major cause of p~rsonnel contamination in the plutonium ·oxide 
production.facility ts,expe'cted to be from rupture of.the gloves iri the_ 
glov_eb_oxes .as a· result of ·abrasion, cutting, or puncturing._ ,The gloves_ 

· could.be cut or'punctured by. sharp.instruments or t_ools or byhandliOg·. _·•· 
: .• pieces of glass from a broken vessel. Deterioration clue to aging is pre- . _ 

vented by a program-:to replace gloves after· a specified time.· . Protective.· 
-'.steel and frames or screens around the glass vessels minimize ,injury' to _ 
_ operators from broken.glass. · · 

-6.4~3~4 . Operational Coritrol ~- Plutonium nitrate. solution from the third 
plutonium cyc:le is transferred to.TK-L9 and then to -M3, -M4, _~MS; or -M6_. 
Normally, -accountability and··_characteri zation samples are ta~en from one· 
of the M cell tanks. Samples can also be taken from TK-L9 for preliminary 

_ :characterization for process control, an·d will prtibably·be:done duri:ng _ · 
startups· or other nonsteady-state ·operation~ . Small :batches cif the nitrate· 
·are transferred through TK-N3 to TK-NS. Hydrogen peroxide is also added• 
in excess to convert plutonium to the plus IV .valence state.'. Nearly two- · 
thirds of TK-N5 is provided as head space 'for the foam that. may form with 
the peroxide addition. The bottom section is .heated, and the adjusted 

· nitrate is pumped through TK-N6 and •into the preci_pitator at --the - . 
. . control led -rate.· A proportional stream -controller.is used• to _accurately 
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. meter in.the proper· amount ~i-'bx~lici~'acid. to'<~he:t~~~t1~·,·1:aior •. Part:icle 
·size of the oxalate precipitate.: i s.>contr.olled by feed rate; solution 

•· strengths~. residence ·_time in tl'le precipitato'r,·. arid.tempera'ture.,: ·· .. _ .. · . 

. The ·oxalate. ~lurry overflow; :~o .the vacuum drum filter where .it is 
collect~d as a cake .on the- filter cloth. The cake thick_ness is controlled 
·by an adjustable. doctor blade. , The~~ake drops· through a chute .intq the. 

• , ca lei ners for. conversion to. ox,ide.>and· dryingB · Dust fog ts minimized by·:·· 
. using a vacuum to. draw the offgas fr.om tl'le first~stage calciner. through . 

· -: bayonet:-type filter elements •. Powder drops from the ·second-stage calciner 
into the rotary scalper screen, in which oversize. particles are separated 

. for recycle. · ., ' · . . · · ·· .· · , · · . ' . 

The screened oxide:/alls i~fci a double-cone blender,.· which when full~· 
.• r,,-n . · moves along_ a screw conv,eyor to a. hoist and Js then .lifted to _a blending .. 
· eo;.. .· station .•. The blender is rotated for a preset time to give. a-. uniform pow.;, 

' 'el .. :der, and is then carried'tO the can fillirifstation •. One powder cari is 
!¥' .. partiall_y filled ·.for_ a sample.. Product characterization tests are run to 

! _ .2:': .·. · .. determi.ne if the powder meets applicable p·roduct specific:ations. One ,af 
. ~:.: ·.: the first tests performed is··L0I·, .i m6i sture content test.· If ,the· LO( is. 

not· in specification, the powder is: recyc:led ·back to: the re.cycle· po~t at , · 
the .discharge end of the. first..;s.tag~f,calciner .to· complete. the calG ination .. · 
process. When•L0I is: wi.thin specification'limits, the powder•is ·loaded·. 
·out into 1.5-kg, slip-lid, powder cans.· The lid ·.is-.placed on- t_he 'can and 
the can is passed on a ·conve,Yor into .the ·powde,r .loac;t..:out glovebox. The · 
lid is taped on and the ·can is weighed and. placed into a plastic -bag which 

, . is _heat sealed on both ends~: 'The bagged .can. is placed in- two a_dditional · 
.· cans~- each of" which are crimp sealed. with a commerciaLcan sealer~ The · 

'.) can is surveyed_for plutonium contamination,,,;labeled, and passed tt:irough 
:i. an ·air· lock and into. a shipping; coritain~r._': The containers are: shipped· 

from the· PUREX:Plant f9r onsite. st9rage. . . . . . .. . 

. Ffltr~te froni the yacu~m drum filter containing."about· 3M- nitric \re-id.· · 
· .. and:about0.·lMoxalate.·;s concentrated.·to destroy oxalate"'wni.ch·is•not .. 
c0111pati ble · with the rest .. of the-PUREX process; .. (The· hot concentrated ni.;. 

· tric ac.id environment destroys the oxalate. ion~J .Controls ·automat,i-cally .·· 
adjust the stea,m flow to the concentr·ator to give the desired SG in the 
concentrate. The concentrated .filtrate 1is sampled from the holqing tanks . 
and· either recycJed to the solvent.·extract-ion: feed makeup tank or trarisfe_r- .• 
reel back to the filtrate receiver.,tanks:to·r further treatment. · · · · 

.. _. :·c~ndens.ate .collect~l from the scrubber Jn TK-N21 or TK-.N22 1 s recy-_ 
... ··. c led to·. sol v_ent-extraction backcycJe, waste system •. · Final off gases are.·. 

·• routed to the PUREX air. tunnel'. and main ·canycm, exhaust filters. . . 

·. No:: liquid was.te streams are released' to· the erivfronment directly from 
the plutonium oxide production· facility. L i,quid waste is ·routed into PUREX· 

·.waste processing facilities for further treatment or ·recovery of plutonium . 
and nitric acid. · · · · · 

. Cons.iderable instrumentation is· provided with alarms and/or infer locks. 
for·. safety anq. process contra i as. discussed. i.n Section 6'~ 5. 1. Nearly every 
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.. · . :tank is•equipped with ·high-WF a.lanns· ancf ss:·rec:o•rders~--- teak detection~· tern
·•· · :·Per_ature, .. and pressure .1 nstruments ·have been provided where. requfrec\~-' Items 

- _ critical.to safety and/or the process have alarms as well.as indicators~· 

An e_xtensive series ·of .interlocks has ,been employed to ens~re ·safe 
- operation of the oxide produttion line._ Typic-al.ly, high WF on plutonium 
_,tanks wi·ll automatically result ._in .the· ·shutoff of-feed_ into the Otank by·: .. • 
:Shutting-off feed pumps and/or closing:.valves. ·This interlock system pre-· 
.vents ·loss- of product· and provides some protectiori against. c_ontaminatfon 

.. :and radfation exposu:re. · Most· tanks using pumps for ·transfer ·of: solutJon . 
-· . -to, the . next t c1nk_ ( such · as -TK-M3, -M4 ,. -MS, .··-M6 and -.N6) have _low-WF. inter- · , . , 

Jocks to· automatically shut off. the pump; preventing serious overheating . · 
_ .. , <•:problems. Automatic valves,- generally opened by :the int.er-lock system.when·: 
· :·<: ':-a pump js .started, prevent a pu·mp fr.om- running dry.-. _The-ioxalic-:acid and: · 

_ -=i,r~- : < plutonium:nitrate .. streams to the- TK-N7 precipitator ar_e interJcicked to turn 
::ffi_·-: · off·_below ·a minimum calciner screw speed, below a m_inimum·vacuum drum fil- · 
9 ter rotation speed, be-low a minimum_ WF. in the p.lutonium_ nitrate ·or. oxalate, 

-_ .. c;r,.~ add feed tank, above a maximum pressure. in the TK-N7 precipitator vessel, 
~- .- and ab_ove a maximum.WF in the filtrate receiver tank. · · 
r"~ 

, I • ~>U:;r_. 

·;~-
' . . ~Jany tanks have_-acid '.lines en-tering.·at a funnel and are "interlocked . ·, 
- · to close the acid valve- at the service header· when· the funnel _valve· is _ · , 
. - ·. c_losed •. When the·vacuum -drum·fHter overflows/the drum stops -or the cal-

ciner screw stops, and all.feed to the precipitator and the vacuum drum.-· 
- filter also stops to pr-event plutonium s,nutions··from accumulating on the 

.· --·._ glovebox floor> · .· · ·- ·- ·· · · · · · 

:. In the powder. loadciut areas, ·additiona1·· interlocks have been prbvided 
to p'reve'nt loss ·Of product and reduce personnel exposure.'· The blenders.:,· 
can only be-moved·when both s•lide.valves ar:e closed.- .Each st.ep.ofthe can-
filling operation.canbe·performed only in the proper-sequence and on-ly 
after the previous- ·step 'has .·been completed. In addition, each_ step ·.must 

. be individually· actuated by the operator to ensure. operator attention to, 
the ·. loadout process. · · · .- · 

Controls for a safe sequ~ntial shutdown are· also provided~ Three ... 
•master-switches ,(in the N ·_cell control room,. the PUREX dis_patcher's office, -

and the_ guard -house) actuate shutdown<of the plutonium oxide. production_ 
facility process equ'ipment listed below: · · 

• .M cell plutonium nitrate. feed pumps -. 

· • Plutonium nitrate and oxalic acid metering pumps 

• . Oxalic acid heater 

• ·Vacuum drum filter drive motor 

- • Calciner heaters 

-• Calciner offgas filter heater 
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·• Blender and hoist. equipment 

• · Can filling. machine ,_ 
' ,, 

· e- . Heat sealer , . 
. . ·• ' ·• ..-. <' ' • ', .. 

• Filtrate concentrator feed pump, TK-Nll, 

•"' Concentrated:f i_ltrate. pump; TK~'Nl5 and TK.;,N'l ~ 

·•··.Condensate pumps~ ,TK;,.
0

N2l and·TK~N22'. . ,; . . 

Power remains, o~ to equipment required for radiation mon.it;;ir,g [con-· . 
tinuous. air.monitor (CAM)', ·etc".], ventilation;' ffre protection," environ- ·· 
mental, and p~ocess equipment monitori~g :~nd 'protec:tio·n.. . . , . . . . 

,, '·, Personnel contamination is kept at a,ri acceptably fow frequency by 
operational· and adm_inistrative. control ·relating to:replacement of gloves, 
housekeeping in the gloveboxes, ,and· training of ·person.neLin glovebox ·. , . 
operati rig• and mai ntenan·ce techni qµes •. · · ·· · · · ' · 

· 6.4.4 Recycle and· Recovery SJstems 

6.4.4. l . Backcyc·le Waste System. 

,6.4.4. l. l Functional Description. · The· aqueoµ_s waste streams· from .· . 
·the. second and·third plutonium cycle extracti9n·columns. and the'final ura

;~ . · nium extraction· column are ,collected _and concentratel:iC in the backcycle. · 
waste system for recycle .to: the codecontamination {HA) column to minimize 

, actual, unrec:overable Joss of, uranium,, pfotonium, and: nitdc acid· from. the , 
·•· · .. system. ·· Most of this deli be.rate u1oss 11

· to. the backcycle system. restil,.ts , · •• .. · 
· from favo~1ng product decontamination· over )ow losses~ A small amo_unt. ·of 

. nepturiium will reflux in the-hackcycl.e waste system •. This flow:chart is 
shown in Figure. 6-41. · ·· · · · 

. : Add it fonalJy;: the bac_kcyc Je waste;concentrator,- ( E'-H4) serves· as part , .. 
· of the PUREX condensate. recycle ,system. A portion of ·the process conden- . 
.. sates from the·T-FS aci'd absorber- and the T-U6 acid fractfonator, the 

steam _condensates: from the T-L6 plutonium product· .stripper and the E-L7 
plutonium concentrator and N cell, and the process· co.ndensates. from the .. 

. E-L 12 vessel vent condenser and' Tk-Nl 9 offg as scrubber· are a.11 routed to 
'TK-FlO: for evapo'ration ;iii .the E"'.H4 concentrator.· The' E:-H4 pr_ocess 'conden-' 
. sate may be ·routed to the E.;.Ja concentrator for an 9-dditi:onal evaporation. 
. ' ' . ,!•· • . ' . ' • 

. 6A.4~ 1.2: Major Compo,nents.: The system, consists ·Of two standard, 
· .. ·s·,OQQ.;.gal tanks and.a sectfonal1zed(secbnd genera,tion) concentrator. The 

E-H4 sec:tional'i.zea concentr·ator (Fig. 6-42.) differs ·from the original desi'gn 
(as descri·bed in Section 6.A.2.2 for·E-J8.and ·E-K4) in tha~ the tower is a 
separable··uriit and,the,reboiler,has.·a 'smaller _liquid·capacity. Concentrator 
perform&nce ·ts;~ ident:ical due. tCJrthe use. of· identical tube· bundles. 

. . ;. , . ' : 
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The reboiler. section. consists o{:f:our chamb~·t-s': two tube bundle 
. <- c:hambers·;·• a 6:..ft.;.Q[) by 6-ft-!,igh primary settling- chamber. with •a 30.:.fn.;..Q[) 

· downcomer extending from the bottom; and a 20.;.·fo.-OD by 12.:.ft 10.:.in~"."'high 
over-flow·chamber. The settling chamber is equipped.with primary and · 
·secondary baffle:arrangements for gross_deentrainment of liquid from the. 
overhead v·apors •. This -reboiler section differs .from .the sectionalized 
concentrator -basic design (F'6, .. Fll configuration), in. tt:iat. the tube bundle 

. -capsules_have been'extended down'to,the'base_of the downcomer .and.s:tilling 
•Chambers. This alteration was r:equired to increase the floor ·area; and · ·. 
thus· increc1se the,fissile material mass Jimit for uniform precipitation., 

' ' ' . . . 

··The· ,t~wer used is :designed to, steam strip solvent from the.,incoming 
,feed by_countercurrer'lt flow of. liquid •and vapor through bubble ,cap ·trays • 

.. . Six trays are provided .and .all operate wet~.- Above the··tr.ays, the vap6r_ 
::..•_passes.through an 8-in."."thick·tant~lum wire-:mesh·de_entrainment ,pad.· ) .· .· .. 

' ' ·6.4.4. l .3 .Safety Criteria and Assurance. The haZard analysJ(for the, . 
· · .. backcycle waste system 1 s sunvna r12ed 1n Tab I e 6-22. ·· · · 

. ' . ~ 

e·•· _·. Nu~ lear· -Criticality Prevention·. 

The plutonium mass lim.1ts fpr the TK"'.'FlO ~ackcycle fe~d tank,-
. E-H4 backcycle concentr.ator~ and the TK-Jl: backcycle concentrat'e.- · 

.·. • ... receiver tank .are based :upon a· precipitate ·being· forrned in• the.-
. most;unfavorable·configuration in these tanksr · · 

. - . . . . . '· 

.The backcycle waste system' receives waste. from. the second and .. 
third plutonium eye les ancLthe final uranium :cycle, as-well as 
steam and .process condensate from N cell. Currently,· the 2AW . · 

-· goes to TK-FlO and •the 3AW .goes .to_ TK..;Jl •. These two streams are · · 
sampled r·outinely and each has an i.n-line alpha monitor to warn·:· 

.·· of unusl:Jally high column phitonium losses •. Vessel TK-FlO is also 
sampled periodically,. but stream analyses and in-line monitoring. 
provide the primary nuclear criticality prevention· inf orniat ion. · 

··._ Vessel TK-F-10 ·functions as a .deca~t tank .with the agitatoi off 
and- locked out._ ·Under. a typical flowsheet condition of ·· · · · 

. O .018M UNH ·and 1.8M HN03 :; n the· aqueous -phase of TK-FlO, · · •·. 
·assuming organic to be. present,:.the .plutonium distribution 

. ~coefficient ·is 6 to· a. ·, As a worst-case condition, a large part 
._;- ·Of the plutonium throughput cou·ld be lost to the 2AW for a 

· ·.· ;period of time .because of. :lo~s of nitr•ite f.low to :the· 2AF .tank'· · 
. · or column upsets~ . A complete plutonium loss via the 2AW would 

_: result jn :a pluton.iurn -concentration of,0-.15 g/L in· the aqueous 
phase .and 1.2· g/L in the organic phase· in TK..;FlO after reaching,; 
,equilibrium. Both phases would be well within the ·'6 g/L safe 
concentration. A complete 2AW plutonium loss could not.exceed 
the mass limit for TK-FlO ·unless there .were 3,000 gal of organic. 
in the Vessel (~hich would still be at a safe concentration) •. · . 
r't would take·20.h for.the.mass limit to be exceeded and a .. 

. cri'ticality would still not occur unless·a·preci,pjtating·agent · 

.was also add~d. · 

•·•.6.-152. 



. ·r. 

. ' 
' __ ·,-·,;), 

. . 

TABLE .6-22 •.. Pr:ocess-.H~zard J\nalysis Backcycle Waste.System-• ' 

·ine(gi· · 
·_· ( hazard) 

. Pu . 

. .. ~ 

Solve·nt 

,· '.· ·• ! •• •' -

. •. · Radionu~l ides 

C ;. • 

Uhwanteg energy f]ow 
( incid_ent) 

Cons·equence ( ilMled i ate 
. · and/or secondary) 

Barr.fer~:-(deslgn; · 
.. admi n i st rat ive, 

. safet;y. devices,/ etc.) 

High Pu losse·s _in· 
second or third~ .. : 
:eye les 

.. 'One level of'. crit·ical- .· ptocedures; adminis-' 
j ty prevention.. trat fve: contro 1; .. 

Red oil ih E·-H4·' 

· .. '·.. .. 

Corro~ion fr,om 
HNO· · ' 3 

compromised monitors;· sampl~s 

. Explosion--eq.uipment · . 
lo~s . · : . <.. .· .. 

.· Tube bundl~f Teak• r~- · 
',l_easing .radioa~ti-:- · 
vity to_the:steam 

.condensate. 

Monitors f,or tempera- . 
ture ;:~ s·ie.am' pres- '' .. 
,sure a11d. SG;. sam.;. 

· ples; . .fEfod · is 
decanted , ., .. 

· teak test '.tube bun
d.l es ,iveri shµt:.:· 
down; .. m·a 1.ntaJn . · ... 
pressure (either .·• 

. s'teain ·or· air oh, · · .. 
tube·~~Ntlis at all -

. times) '. -: · · · 
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Because of the lirnited
1 

stze' ~f' the'.::E:Hlton{ent~-ator~ a'total 2AW 
· loss would not result 'fo the f.;.H4 mass :1 imit being reached unti 1 

· · the .. 2AW Joss· had been recycled through th~ .solvent extraction 
· system and had come ~hrough a· second time.·. Even -if the mass 

lifT!it. were :reached, the vessel is saf~ :as long as the material is 
.· not prec_ipitated. The backcycle concentrator operates under . 
· 'highacid conditions ·routinely • .: For a caustic: precipitating. 

agent to be _added ,n ]arge _enough quantities· to reduce· E-H4 ... 
. acidity.from BM to less . .-than·o~sM, about ll,000 lb of nitric· 

• · acid ·would ·.have to be :_neutralized.• · 

·ouring'thisp.er'iod, ~.he:'2AW_:s.tream monitor ·wou]d ind.,~at~ high 
Tosses, both the 2BP and 3AF st.ream nionito~s-would-indicate · . · 
:reduced plutonium thr:-.oughput,· and tne·JK-Jl ·neutrmimonitor ... ·_ 

'i'would. indicate an· iexcessive·plutonium concentration and . 
· conce_ntration increase~ 'Ample _time i.s av'ai lable. to identify and·, 

correct ·the off-standard condjtion\or to shut .the system down_-" . · 
before the TK-FlO or E~H4 plutonium: concentration limit is.•. 
reached~ The periodic··samples of 2Aw,··2sp,.JAF,,TK-FlO, and . 

.· __ i:K.:.Jl would confirm the .moni.tors~ ' ' . ., . . .. 

· The worst-c·ase· situation for. the· iK.:JJ tank would be a JAW plu~ 
.... tonium loss (a total 2AW loss has a similar ·effect :on TK:..Jl, but·. 
: ·: • is not as fast or -as dfrect). · ·under flowsheet conditions with· 

·· .. · .· ·.: 0 ~071M LINH and .7. 7M HN03 ii, the aqueous p_hase of TK-Jl, the· . 
· plutonjlJII extraction coeff.icient is about l, so ·significant· plu- · 

tonium cannot accumulate.in an ,organic .. phase should. one .. be.pre-. 
·sent. ··The mass limit could'.not be reached:in TK-Jl until the 3AW 
· lass had '·beeri · recycled through the. -sol vent . extraction system :and · · ·' 
had come.: back' again. -Even if: the mass-. limit. were reached,. the 

. tank would .. be safe as long as the. conte_nts were not. precipit.ated~ 

._ .· <ouring this· period, the 3AW stream would indicate high losses and~ 
· ·. th_e TK-~l neutr.on monitor. would .indicate an increasing plutonium · . 

. Concentration~. Ample· time for cofrective action would be ·av,ail
iible before the TK:-Jl _limit· was reactJed. - The periodic samples· of 

.3AW. and TK-Jl would confirm the monitors. 

· ... •. Nitrated· Solvent· (Red Oil) 
. . 

·The formation' and exothermic reactfon of red oil was discussed in 
Sect.fon .6.4.2~:f.4'•: -Prevention of red· oil format.ion.in the back
eye le waste·. -concentrator consists of precluding the •introduction· 

<of solvent to the concentratcir •.bottoITJs and preventing, through·· 
equipment design J eatures, the attainment of-,process conditions 

: which would result in: violent exo:thermic reactions. As -di_s- · · · 
· cussed; feed to the .concentrator is decanted from an· unagitated 
·vessel. (TK-FlO). ·_·Instrumentation permits detection and control 
·of ·:the sol vent-aqueous interface· i~ the feed tank.·. The feed, 

. , . stream to the concentrator- is passed countercurrent to the - .. 
·overhead vapors on bubble cap trays to steam strip any entrained. 
organic into the'.civerhead vapors.· Since the steam-to-feed ratio 
must. be controlled> to ensure steam stripping, · the concentrat<>r . 

. - ~ .: 
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must be started wtth l seat pot .. wAl:er: addjt.i,9n _ to _attain· 
e·quil i brium ~a·teif befc:fte -3WF-ils''st\:irtecf•?to'':-thif' _ .· __ -_- . 

. E-H4 concentrator~: The concentrator control systems :(as _ . __ _ 
- discussed iri Sect1on -6.-S. l o3-~3) are· designed to prec Jude: ·_: ·<> 
-· · atta1nment of the high bottoms liqu1d temperature .necessary for 

·- a violent rea_ction. · The concentrator i.s equipped ·with a - · · 
water~f i lled seal pot to ensure adequate venting and, hence~ 
preclude excessive ~ressurfzati_on. · 

·. • Corrosion 

"fhe fai lure.'o(. tube bundi'es-,:dr ,heating, ¢0.i'l s, due.:ta. car;. ___ _ 
ros ion and . .the .potehtial:·haiard,thereo'f·'.was di_s,c·ussed.0 in 
Sec:tioti 6.4.l,~~-4._/Th~:,P,rimary cat.is~s>·af"'corros-ion in the · 

. . -. backcyc le· waste ·concentratrator (_E.:.H4) :_·are high temperature, __ . 
· /, · high nitric acid. concen~ration, and the presence of ferrict- · 

.. - sulfate ·and-fluoride ions~C - Ferric and sulfate .·ions are present:·< 
iri relat,ivelycon·starit ·ratio :a'nd have 'a· mutually-'.inhibiting*: :,::: . 
effect on. corros-i9n of_ stainJess steel,- provided the: ratio is . 

. _not changed .greatly.. Uncomplexed or llfree 18 fluoride ion;. even - · 
.a_t a concentration -as low as O~OlM_ irj. boi)ing a~oM _nitric _ 
· acid, increases the corrosion rat'e of 304L stainless stee·1- · - -_-_ 

.'_ severalfold. Complexing Of· the, fluo.ride_.ion with:aluminum at :an . _
alumi num/fJuorine mole. ratio- of 1.0,. however, reduces·, the _ 
corrosion rate· to: about -twke that obtained in 'the absence of 
fluoride.' ·with ari aluminum/fluoride mole, ratio of 3.0 (as . _ 
required by the' flowsheet) the corrosion, rate is_ essentiall.{ the·. 

· same· as· that obtained in the absence ·of fluoride. · · 

~h'; engineering and administr_at1ve ~ontrols that: are used:·to, min:-:
.1m1ze:th.e consequences of a tub.e bundle· fai,lu-_re ar~ discusse<;t in · 

:.sections 6.4.l.3.4, and ].5~3:_s. · · · · 

,. ·- 6~~-4:.i'.4. Operationa-1 C~ntrol Syste'rils. _ The,S.}'Stem. ;.s maintaii,eq :at:, 
dynamic equilibrium by. adjusting f 1 ow ra:tes· a:nd the· boil ~9ff: rate· tO" main:.. 
tai·n constant tank -invento_ries. - The_ steam supp.lies to the E-H4 concentrator. 
are adjµsted to maintain the proper -.n-itric add 'concentrat,on in TK-~l. · 

__ Th~ ieea'tank' (rt:~F-10)_ is periodic\111y sampled as .a backup check 0~ ·~ . 
plutonium recycle. -· Due.:to .:the_ pos·sible' pfesence 9f organic~· TK~FlO -;,~ aper~ . 

. .. , ated without agi:tatfon-so that the cc:inceritrator feed _is decanted. Further~ . 
--. _· · _ TK;,.flQ -i's: equipped with organic-aqueous- -interface .measurement dip tubes so 

· < that the presence ·and amount of organic . .can be determined. - ·Periodically, _ 
\_·, the .pr-ganit .·is transferred·.· to ·r(-.Fl 3. for batch: sol vent treatment ,,and· subse

-, . querit reuse in' solvent system L · The-·concent·rato_r operatio·n, is controlled· 
... to prov.fde.,a constant bottoms -SG. This. is cross checke(.against·the solu-
- ,..:tion SG: in- the 'bottoms receiver tank , (TK-Jl}.. The SG is s~t to_ provide a 

. *E-ither iori by itself would substantially increase the Cbrrosion·-rate, 
but when both the ions are .present, the effect. is sma·l l. 

• '••• r •,,: • 

- . . . 
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·;· :;bottan.s njt:ic:,~~-id conce!1trat.1on of a~o~:-Jo 8.4M,,and th'.1f·tsi~outine~y_: 
. c,_ checked agaJn~t TK:-Jl sample ·resµlts. Srnce the 3WB represents the maJor 
· · . -source .of -n itrk ac_id in the HA'. co Tumn, it is ·possible- to ,augment the: 

'bac:kcyc·le · waste ac:id with PUREX-:recovere~ nitric acid. . . ., .. 

: · · .. ·. ·.6.4.4.2. Solvent .Trea.tmerit • 

. · . 6.4A.2.1· _'.functional :Description.' Contaminated ·and ·deg~aded :solve~t' · ._ .. 
• .. from the sol vent extract ion eye les .is .wa_shed with a dilute sodium carbo.nate- . 
. . ,potassium permanganate solut.ion. and then ·scrubbed with dilute nitric acid .· · · . 
. for, remov·al. of'. .. contaminants ';ancl · solvent degradation products prior.to ·reuse .- "'; · .. 
- in the solvent'extraction system. · There ,are __ two _systems·: (l} the numt>er :1.
or·the· G .cell solvent treatment system· receives~ recovers, and supplie~:•·sol.: 

.' vent for· the -codecontamination·/ partition, and·'plutonium cycles_;· (2) th_e · • . 
. . number 2 or R ce11· sol verit :treatment system services only the seco11d. uran.:.· . 

•c-.,i>. ·• :::Ju.m cycle;:to minimize contami.nation of ·ur~nium product by plutonium :and FP .. 
~{:' · ·. imptir'Jtles. .The ,organic Systen f]OW chart is showri .. hi Figure 5043, \ • · · 

a..;. ' . ,The·sodjum Carbonate-pot'a~siuin permanganate wash'of.·the solvent.takes . 
.. -. ::.r.·•··~,•:i.:: .. :.·_:-, __ >: ,place: in: the semi batch wash tanks (TK-Gl ·;n .system l and TK-Rl in• .· e · _·· 

, .... , .. _ . ·sy5.tem·2) •. ··The aqueous wash.solutio·n is recirculated from the bottom-·of 
;;:;,'· .. - : .-TK-Gf or TK.;,Rf by· a -pump and d-ischarged into the packed section cocurrently .-
,!J:.~ --- - with. the, incoming contaminatea solvent. _The mixing of the two streams in,<. n. 

:",•, the packed. outE!r· annul us :removes the bulk of the. contaminants :froin the . _ .. ;·-,: 
·organic: .stream. The washed ·:organic . phase , is pumped· to. the acid_ -scrub. column · __ 

--- __ · ·. - from_ above :the aqueous".'"organic i,nterface~: The·- interface level ,'is contr!)l led 
· • ... ,,to ensure that the basic aqueous ;'solution. i's not pui:nped to the· acid .-scrub 

.... colLJJm.·with :the· organic •. : · 

.--·Recycle. o:f the aqueous :wash sdlution• 110nJ)al lY conti11ues for ·8 to 24 h. 
Spent wash _solution ·is periodically r.ep:laced._. -

. --· - _· .. -• 'The organic' stream 'is·:·PUITlped from the wash tan~·t_o the, bottom of the ·_· .. 
. at id: .scru-b column, T ~G2 .or;J-R2, where it is· countercurrent·ly scrubbed. wlth. 

· ·· nitric acid to ·remo_ve entrainea carbonates .and mang·ane.se dioxide, .clarify 
, . :the solvent, and slightly a~idify it for reuse. The-aqueous_phase flows,to·· 
·. TK-62 or·TK-R2;w_here .it is- rec-irculated to the scrub col_umn. Depleted acid 

scrub solution is transferred from TK-R2 to TK-G2 (for use fn system 1) and· 
then td:TK:Ga for'dispcisal. :Fre~h nitric acid-may _be ·added directly to 

. :either scrtib ~olumn. . . - . ~-

-The scrubbea ·organicfrom \he, c:olumn·.,flo~s t,o· storage (TK.:.Gs, or )K~Ri) . 
where. it· ·is: returned to process~ "Vessels TK-G7 ·_and TK::.Rs may_ be used .for 
additfonal' sol vent. storage. 

- ': Fresh solv,ent 'makeup is n'or;,nal ly_ added .toTK-Rl from the sol venf blend 
·:tank, -TK-R'.I-A. _ . 

. - . : - The TK-Fl3. may be used occ_asional ly for -prel imi. nary treatment of 
· -::· _spilled solvent collected from sumps or potentiallY popr quality organic 

.- -- from various f eea .. and storage tanks such as TK--Fl O. - . · 
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. . '.' 6~4~4.2.2 Major .comporie'nts'~·-.. Pertinent:physi'c·a1''d*ta'for the>equip-·; -
· ment cooipris,ing-·the·.two solv.ent treatment·cycles are giv~n ·iri Table 6~23. 

• Organic Contactor Tanks-(TK-Gl anci TK-Rl) 

The 5, 000-gal lOF and ·20F tanks - (TK-Gl' ,and TK-R l,: respectively,· . 
shown -in .Fig. 6-44.) are the feed tanks f pr the_ 10 and 20 columns,· -

- ' but are· .also designed· to function as cocurre-nt,· continuous ··con-. . 
· ·•· ;tactors .for treating the organic streams. · Each tank h.as· a: 10-ft 

•OD-and- is ·g ft 3jn. high with a ·stieil_, coil, and .. heads (except 
for nozzles), s1milar to the. standard 5~000-.g~al -·tanks~-- · A centra) 

· , .cylindrical .chimney (4-ft7. 75-in. ID)_ leaves :ari :imnular space.·· 
·2 .ft 8 in. -wide ·within the tank. -A packing support gr~te located, 

. ,inithe, annulus,. 2 ft• 9' in. above the.,tank bottoin,. supports· a 4-ft 
· ·• , depth-of J-i-n~ • stainless ·.steel Raschig rings·.· Organic-phase:- and . 

. aqueous--phase distributor~ are located ·above ~he pacldng to pro-
: vide concurrent flow downward through the-packing and into the 
· disengaging· space below the packing support. The lower portion. 
of _the cyHndtical chimney is perforated to al:low liquid· passage . _ . 

... '):o ·ihe 'central space.· where organic and aqueous _pumps .. are' located·~ : 

• 10 and 20 ·Puls·e Columns-:(T-G2 and T-R2). 

' - :Per.tine'nt -iriformatiori regarding 'the two acid sc;rub ':pulse col~mn's ' 
is g,iver:i ·. in Tables 6-15 and 6-23~ · · ·.i:·: •. 

-•• •· 10S: ani 20S •·P-ump Tanks·' (TK~G2· :~n·d: TK-R2) 

. ·rhe ac.id 'sc:rub (10S-.and 20S) .·recycle pump tanks -~fr~ 1~700~ga·1~- ... 
·cap~city tanks with similar services and -identical in dimensions 
.to the E cell centrifuge product :tank ( se~ Tables 6-l .and 6-23 
and ·Fig~ ,6-..:45). 

• · Recovered Scil vent Storage/Feed Tanks (TK-GS, and ·-G7) ·,. 
' ' 

. The recovered solvent storage/feed tanks are large. (14,000 gal) . 
.. -'oval~shapedtanks·with,three :agitator openings and two.pump ·-• 

openings. in the top (see Table, 6-23 and Fig. 6-46J. · _ ... · · · 

•- 6.-4~4.2.3 . Safety'Criteria and Assurance. 'The process hazard 
analysis-for so':lvent treatment.is given .in Table.6-24~. . -

·-_.... .· ' ;:· 

· • . : Nuc·1ear ·Criticality Prevention 

-The use •of ,preeipitating.agents and alkaline co~cHtions in the 
- so·lyent treatment system- require_ a conservative limit. of:-500 g 

of plutonium (mfoimum critical·mass under ideal conditions),•for 
.. individual vessels. The probability of plutonium accumulation 

in tt)e solvent treatment system~is very low, because .organic · 
waste steams from plutonium systems are. recycled to the lBXF 
tarik (TK-J3). __ .The- solvent treatment _systems receive spent sol~ 
•vent only from lC and· 2E uranium stripping columns, and the two 

· spent solvent effluent streams :are s·ampled and •analyzed to detect. 
· any __ p.lutonium present. · 
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: TABLE 6-23_. ·solvent·:Tr~atmen.t fquipment., , 
'·. . . - _, ' . 

- ,- .... • • 0 •• 

· ··vess'ci 1' 
•', -:; ,' : '. 

Func:t·iori .\ 

, JK-Fl 3 _Batch· solvJnt rec:,overy : _ 
·.' .•·' 

TK.:.G l Nunber 1 so lv.ent c:ollect ion and 
, .( lOF) . wash ·.' 

<;:.T-Ci2 · 

C,apa~ity · Dimensjons .. 
( gal) 

... 5,.000 
,. ~ . . -' . - . 

5,000 

. . . 

. lO ft by' .· 
9 ft 3 in~: 

· 10 ft :11.v 
9_--ft 3 <in~. -.. 

2,000: 34 in~' by 
32 ft . 

.: :· ·. · comments · 

A'nn~ l ar packe.d sect,i 011 for· s'o 1-vent recfrculation:and washing 
· (Fig.'6"'."44) .- .. · . . . . . . 

TK""G2 
(low) 

. , - . 
_ Aqueous wast:e a~f 9Cid recycle. : · 1,725 7 ft by (t ig. 6~45) 

: t> ft , _9 1 n. · 
. ,- . 

TK-G5. 
. flQq),, 

. " ' '; 

Clean solvent receiver a,nd pump. ·1s·,ooo· · 
tank 

TK-G7 ·. · SQl vent ·pump tank 
( lO0) .. . . , . 

-·_,:lfr'OOO :. 
" .. , .. -

.TK-G8 _ Aqueous w·aste .. _ · 5 ,ooof 
. (lOW) .. ·. 

Tl_<.-Rl N.umber 2solventc.ollection.and 5_,:ooo· 
wash tank -

T-R2 ' 

·TK-R2 

Acid scrub 'i;:9lunln'; · -

Aqueous Waste and acid recycle 

· 2~000; 
- ,' ·. 1·. 

. ' 

l, 725 : 

TK-:-R5 Clean solvent collection and:,>· .'._9,00Q:_ 
. (200) · pump· tank 

_·.· TK-R7 .Clean solvent collection .and 
. (200). •. puinp tank,: - . . .. · 

TK-:-R8. 
(20W) 

Aqueous waste 

.. 9,0Q0 

.• . 5,000' 

Jo ft 6· 1n·. by , (Fig. -6~46) ;: 
. 16'ff,by. 14 ft 
· · 10 'ft' 6 ·in; _ by 

16. ft by 14:,ft 
' .· '. . .'. ~: ... : - . 

lO ft. by, . · 
.9 'ff_:J' in.··· · 

10 ft by .• 
-·9 ft· 3 ''in. · . , 

34. i.~. bj 
32 'ft .· . 

7 ft by. . 
_6 ft.~· 1,n. 
10 .ft by 
14 ft 

'10 ·ft by . 
14 ft .· . 
10 ft by 
g'·ft 'J ifl. - ,; ,· 

, .. , 

Sam~ ''.·,as JK.,Gl 
. :• ''·· ' ... ,,,._-., ' ', . 

(Fig. 6-.ttq) 

Co~tai ns .ag j t~t.or at1d coil for 
· heating or ·coo 1 lng 

' - .. :- . 

s·ame. as TK-R5 · 
' l' ' 

"if.-
' 
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·. · The.·dis'tri bution,\cb~fficie~t .for ,·~1utbniuml,is /at ,least '.fi~efold'' · 
·. less :than that·- of uranfum at: the ,chemical conditfons of the ura·:;, · 

nium· stripp_irig columns~: Moreover, the ratios· of .plutonium. to. . 
: uran ii.Jm -in the i,iqu·eous J>.hases of these tol umns :are of. the order . 

. of one in ten'.t:holisand under the wor;st credible operati_ng tondi-< . 
. :tions, .short of a partition failure. · .Thus, the· chance of mea:- . 
·surable,Jgram) quantitie:s of pluton,fom .entering: the solvent_ ... 
_ treatment ·systems without detection are very remote. ·The accu~ 
mulatfon of hazardous ,quantities· of plutonium sol ids in either·" 
system·over;an extended time period.is.not credible,•as: any .. :: 

.solids· formed• would. be. extremely f i-ne. an.d ··would be carried: out';'· . 
.- :with .the organic/wash waste (OWW) ''so,lution •. Tri~re 'was no ,evi..i · · 

'-.-.. dence of _the above. phenomenon occuring during the .previo!Js J6 yr 
•of-· plant•,oper,ation, in .spite of extended. periods of abnorn:ially;:. 
high· u.ranJum. loss~s fr~m.·the· :uranium stripping··columns •. · · 

- .;· ,·: ' " 

· . : Nuclear criticality prevention considerations would· normally' 
.··· .. limit TK-:Fl3 to about 14- kg of plutonium~- However, the so'lvent 

wa$h solution. would :r:iorrrially precipitate any plutonium, present •. 
.• Therefore_, a 'product str,ip iS,.perfonned ·.with· dil!Jte n~tric. ·acid •. ·· 
·. Sample'analyses are required before proceeding with carbonate-

•·· ,permanganate washing to' assur~ that the :plutonium inventi:fry -in 
TK~Fl3 is less than: 500. g. · · ·. · 

• :SolventFire 

. The· l~~er flammable limit,for:·dry',<Hluent is 80°C. :For kerosene
, type ·hydrocarbons,' gaseous· mixtures containing greater than 33% . 

. , . water· vapor, are not flammable ·under. any ··cOndi.tions. · When water . · 
.. ·· .vapor is present ·as. a. separate ·phase·, d-ilution to 33% water vapor 

is ·reached. at 72°C; thus, the, NPH- water-air system is not. 
. flarrm~ble.* . . . . . . 

. >steam is. not applied to a tank coil\ unless the liquid level is abov·e 
· .the top:of'the coil to .prevent -excessive heating of the vap·or'.phase~ _·rn 

.: . ·. rriany,cases the 'tank soluti_on temperature and the. steam supply: to.the coil 
· · are also ·interlocked to, avoid overheat_ing. , · · · 

. ' . ,,',.-·, 

· Pumps or~git~t~rs are shut down ~f nverheating is sus~~~ted •. _Agita-. 
,· tor impellers :in organic-containing .·tanks. are electrically interlocked to 

· · prevent·operation>unless the bottom blade is submerged greater than 6 '.in~ - · .·· 
· •·to minimize··the potential for spark generation resulting from ·a shaft fail
.· ure~. In-c.el l electrtcal equipment design meets ·code requirements .for· ser-

:vtce· i_n a h·azardoLis. environment •. · · · 

•· ~The flash:point of 30 v~1% TBP 1n NPH is increased ~bout 7°C over 
·.the flash point of NPH •. Thus, when water-is pre·sent as a separate phase, · 
t_he vapors in· the three:..compon_ent system (water, .NPH-30% TBP,: air) are 

·also.nonflarrmable at atmospheric pressure. 

fi.;.164. 
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_ . The organic-c·ontaining cells are :equipped wit:h _diJ.~l heat. detectors and .. 
•·an. automatically. actuated ftre~foam system •. · :. . - . ---

6.4;4.2·.4 · Operational Control. ihe organi~ treatment systems. are . . 
operated _to maintain essentially constant organic· inventories in the· var
ious· tanks. The wash solution .is added. fresh to·rK:..R1. The solution· is 
subsequently .decanted to JK-Gl for r.euse ·and eventually di-scardeq .to· the· :. 

· , , OWW receiver (TK-68). and then ,to unqergound storage :tanks. Fresh solvent · 
may be, addecL'to either system yia TK-RlA. to adjust plant ':solverit.-i-nvento~:, 

· ries; compensa~i ng for soJve_nt loss •.. Off-standard process cqnditjons:. in· _-

-·~.· 

·, .. C2,: -
:~ .. 

·•· 9;-. 
.,·· Jl:'.;t>,}-

··• N. 
--~~--

the:'solyent_-treatmerit sys_!ems a~e· s~~arize,d in,'Table.:6:..is;;· _ . . .. 

' " . Effectiveness •of· solvent clearn.ip is de1:er~ined. 'by- the'', extent· of a·lk~-- .· 
_··line.scrub depletion.and .the degree._an~ durati.011.of con~acting in the·sol-: .
·_vent contactor •. The control ling parameters are solution temperature i-n< . _ 
the contactors and frequency of scrub. solution- repJat:ement ..... Scrub carbon~. 

·. ate. depletion is primarily· a• function- of the amount of nitric acid '.in ·ithe 
contaminated solvent.· 

,"· -,· ,, 

. . . Solution- temperature .; n the corrta~tor .tanks i $ m~jntai ned -.at. 50°C. for: 
effective was~ing an~ to.- improve. pha~.e 'dlsengag~ment:. c1nd; thus,.• reduce · 
aqueous entra1 nfllE!nt"1nto the: pulse column. · ·· _. .. ·- · · · · · . 

·. The qualiti'of the treated solvent is determined.by sample an~-lyses.· ''.- · 
Specific. concerns are: Fp::content and degree of. pluton_ium· retenti'on after : ·,: 
stripping .with di lute: nitric: acid.. The- p 1 iJtoni"t.im retention is a: qual ita:. · 

· :bve indication.of the degree of s9lvent degradation,-· 1nthat'the:morio;.; 
. and di butyl-phosphates are stronger plutonium complexant"~ than TBP~ · 

. The 'analys~s most commonly ... enipfoyed to establish solvent qual.ity are'. 
. total .ga111T1a, percent TBP~ disengaging. time,·• and plutonium _refention. The 

· ::latter.is .. theprimary indi~atorof-solvent qµal.ity •. , .-- · · · 
•• • • • • •• •• • • • • • • • • \ ,' -.. ••rr • •;• • •• • ,_., •••' •, 

Batch treatment in: TK_;Fl3 consists bf ·cl weak -nitr.;c· acid stri'p ·to . . . 
remove any :p~oduct, fol lowed by a·. sodium· carbClnate-potassiuin .permanganate . ' ' 
wash e : • · - · 

. . ' 

·_ Nit.ric acid is added· t6"the.tank~- mixed,.;then ~ett led, and,.-sampled~ · 
The. aqueou~ phase· 'i.s · rou.ted to eithEir TK:.:.Fa for further treatment, or_ to> 

- . ·JK-G8 for· ,ai.sposal. · · ' · · 

. Upon tonfi.rmation>that _ TK~Fl3 cont~ins·- less than 500 g, of phitontµm~ . 
. . sodium carbonate arid pot ass ;Jin. pe-rinan.ga,:ia~e: .are. a'dd~d to the organic in 
· TK-Fl 3, mixed, and then. sett led; · . The washed organic. is dee anted to TK-Gl 
for reprocessing, and the aqueous waste is transferred to TK-68 for 

. _disposal~ · · _,, 

·.··,-,· .. 5.:. 165 



, Off-standa.rd i:ondltlori 

Low quality of re
covered solvent 

· High U losses to 
solvent waste - _· 
streams 

High FP' contamination 
· In recovered solvent 

Crosscontaml oat I on. -
of Pu with U tri 
solvent extraction 

·system_ 

· Plugging of ~.;.Gl/Rl 
packing _ . . · : 

How detected . 

Ana lys Is 'of so 1 vent: 
total ganma; I TB_P; 

.disengaging time;• 
Pu retention; under 
special circumstances, 
u transfer, I solids, 
I aqueous phase, U or Pu 
content,·0BP content, 
spectrographlc' analysis . • 

, ' ' . 

1CWi2EW waste loss arid 
solvent wash waste" 
sarrpte 

Ana lys Is of G_5/R7 

U analysts of washed 
·solvent· · 

Solvent quality detennt
nat Ion; callbr:at ton of · _ 
tank, Indicating solids 
dlsplac·eme·nt•I small · 
amount of so vent .re
moved greatly· decreases .· 
tank WF, Indicating 
solids displacement 

Likely cause _ 

Maloperatfon of.the sol
vent wash tol1111ns-
flocidtng; maloperatfon ·. 
of the batch contac- · 
tor~; emulslflcatlon; 
defective.scrub solu
tion_. 

Format ton of u~0BP ·· 
corrp 1 e~es · 

(ow carbonate concentra
t I on tn' TK:Gl/Rl;' ex-
traction or entrainment 

. of FP In solvent ex- . 
tract Ion systemi: flood- : 
Ing IIJ. 10/20 co I umns; .. · 
low HN03 ·tn 10SR/20SR 
st.reams _. · . ·. _ . __ · · 

lncorrplete U .rennvat 
from solvent during -·-

- washt_ng · 

. Detection of ·cause -

Flooding:· Increase In·. 
column, static preSS!Jre·; 

_ falltng/fluct.uattng In
terface; abnormal ef.a. . 

-fluent flow rates:.· 
Analys Is, of TK-Gl/R 1 so~ 
lut.lon ( pH) . · · 

Emulstfltatlon: flooding . 
entrainment (analysis) .. 
Defective scrub solution. 
HN01 analysis of TK-62/ 
R2 solut Ions , : _ · 

Test for U d I strlbut Ion; 
Pu retention _analysts .. 
.of 100/200; analysts of, 
solv'ent, waste stre~s 

Low carbonate: -pH analy:.. 
sis of TK:-Gl/Rl sample~ _ 
Gamma analysis of 1CW/2EW -

. ' . ., 

See off-standard condl-. -· 
tlons above·· -

U aria lys Is of TK~G5/R7 

Solids ·1n batch contict - Same as •How detected" __ 
tank displace· solut Ion .. 
and Interfere. with_ flow · • 
of solvent and scrub 

flo!Jdlng:, reduce fre
quency of pulse; ,de- _ 
cr_ease- flow, rates 
Analysis 'of TK-Gl/Rl so-
' lut Ion: decrease con-
tact ~lme; lncre.ase 
Na2co3 ¢oncentraUon 
Emulsification: ·replace, 
~ash.sotutlon;lncrea~e 
column temperature; re
place_ HNO. recycle ... · -

·- stream; !~crease· scrub _ -
solution HN0 ·. . · · 

. concentrat I 0~. ·' 

'ctiange HN01 sofutton In 
10/20 colllllrli If pro~ 
duct decontamination ts 
·Impaired, replace scrub·-

- solution .. 

Low carbonate: · replace 
108/208Lreplace or: 
·repair valve/pump · 
as_'.requtred 

See off-standard ci>ndt- . • 
tlon, low quality of 
.recovered . so 1 v~nt 

Shut down and perflirm an 
H2C2o4-HN01 fl Lish; 
.flU'sh- and 11lssolve 
solids until hnk call-' 
bratlo~ returns to nonnal 

·/, 

(/) ' 

C 
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. )>' 
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· "/ ,· 6.4.5 --Product Rework Sysi~~ 

,, ::, ; ',This:-s~ttion 'Co\/e~s·te~~rk: ~ia_;sdl've·rrti e~traction' proc;essing ·of prod:--
-;"_ · uct·: materials· that-, do not~ for _bne r-eason -or .another:, -meet the various 

·• p·urity- specifications.· Product -recovery from waste_ i's_: also discussed. 
- The proces~ hazard analysis: is Qiv~n in Table 6-26~ 

-_.- 6.,L~.l.: Uran1um Proch.ict,. ,-, 

_ 6_.4~5. J. l ·Functional· Description •. - Uraniu~- may be-reworked· t_o lower 
the: f e~-.plutonium-to-uranium ratio, ·tr:i·_ TK~E6 .fOr nuclear. critical itypre:.' 

.ventfon; or to .. flJ~ther purify th_e·uran __ i4m pr.qduct~ - Three-.. options ~re· avatl~ 
· :- "--: • _ able_ for dealfng'.with·,.uran-ium that is,:-out.;of ·speci,f-ication in :tenns of FP , 

----levels or other contaminants.--_The first is recycling ·to the 20Ftankfor 
-~< : another: pass through. the_ second uranium :cycle.- The second' option :js to __ _ 

-• -5§: ·- ·_ return the ·batch of• solutiorf to TK-E6 for ,recycli.ng through both uran·ium ,:~=~f _ _,_:. -solvent extraction cycles •. The ,third optior{ is to blend _the material with 

I .• 

I 
I -

I 

--·~- - ·_ . ·- sufficient high-purity product._ to- ,enable meeting. the product purity ·_ 
· ·N• ·: :, : requirements. Uranium,tecyc led to._. l_ower p ltJtonium-to-ur~nium ratio of< 

~=;,,-: -_ -- feed -is· added, to TK-E6.. - - - -
:· -:·. sn.r~~. , ' "' 

. , '_, - 6.4~5. l .2 Major Comporients\,- Recycle ·cap:abil ity e~i sts '.for transfer- -
ferrin•g UNH. from the 203-AJacility,:to the PUREX solvent extraction pro..;_ 

_ cesses., Jumper changes in- K cell pennit rerouting from the 203.:.A- fac.ility 
. __ - .• - , · -_into the ·2DF tank (TK-KlJ -or into the HAF makeup tank (TK-E6)'. - If- process

. -. • < ing conditions require, jumper changes>cah be :made to' permit recycle from -
the product tank (TK-K6J. to e.ither: TK-E6 or. TK:-Kl. ' . - - - -· 

• ,,. ,• - • •• > ·,' '. ' •• ,·. ', • • 

: -·6.4.5.l.3'' Safety' Criteria, and A·ssurance~ _:Uraniu·m: solution recycled 
to.· lower the plutonium-.to~uranium r.atio_ fs of kflown uranium concentration 

_ .{by sarnple_ arialysi:s_) •. Blending an(volume measurement is>made in the·• -
receiver tank (TK-E6) ~ .. The' re~ultant mixture· ts_ sampled to assure that __ 

· the desi'rea uranium-to-plutonium ratio Js: attained .prior to_-use. as a sol- -· 
... vent' extraction feed. . - - - . -- . - .. --

.r. . 
. . . -

Compared to th~ upstream process.systems_in PUREX, the 203~A facility_: 
_ operations are relatively ·simple. The .UNH and recpvered acfd handled .in · -

-•,,··c:this facilityare,sufficientlydecontaminated_to permit contact operation 
-- - _ of :the equipment.': Howeve_r~ "both streams are.corrosive· and •mildly . 

· radio~:ctfve. ·:• · ·-- · · '· ,· · · · - • -· · ·· - · · · 

.- -6-~4~ s·~ 1-~~4 . ·op~ratib~~ l Control:~~ The UNH· product_ from the second 
_uranium>cycle i's ba_tchtr,ansferred to TK-K~ for sampling and .volume mea-. 
surernen.ts. If the -UNH,,meets product _sp'ecifications·, the. 'batch is trans-· 
fe-rredto a product storage tMk.-inthe_204-Aarea. Accountability is 

- based. on.,the JK ... K6 volume measurements .and uranium concentration. 

, . : ; : ~; :_ : 
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System or 
subsystem 

Pu rework 

' 

Waste recovery 

. . 

TABLE 6··26. Process Hazard Ana1ys1s~-Pluton1um Rework and Recovery. 

Unwanted energr flow Consequence (tmmedtate Barrters (destgn 
Energy (hazard) .. admlntstrattve, ( Incident and/or secondary) safety devices, etc,) 

Pu (high concentration) No Cd addition during Lll Potential crttlcaltty In S~ alarm; Cd alarm 
transfer and leak In cell s~ admlnfstrat he controls 

• cell or trench piping .. 

(nsufflcfent·H~ In E6 0 Potential crltlcaltty In SG Interlock; agttator 
causing Pu pol r . F6 or F15 Interlocks; admlnlstra-
formation and preclplta- tlve controls; nuclear 
tlon blanks; sample results 

Pu from saq,le con- Sptll: contact, lnges- lnd1vldual(s) ·contam1- Protect Ive appare 1; 
talner tlon nated, PR Room contaml- equipment design 

nated 

Radlonuc tides Aerosol fran F8 Stack emf ss Ion v·acuum or vessel concen-" 
tratlon·rate J 

Solvent In F8 Red oil In F8 Exp.loslon, equipment dam- control temperature 
age, stack emission 

V') 
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Occasionally,-·it is necessary to ·rec:ytle uranium from a 20~-A stqrage.:/ 
tank to dilute the plutonium.concentration Jn the HAF feed mak~up tank 
(TK-E6)'. The UNl:I is transferred to T1<.,.E6 before introduction of the · .. '. 

· p luton ium.;.beari ng . ·solution . and .ttie· resulting inixture .; s sampled after · 
·makeup. Since the uranium recycle is· external to the PUREX Plant, tlier'e• · 
_is- impact an over.all uranium account~bi 1 ity. · 

. 6.4.5.2~ 1 :Fun ct ion al Desc:riptJon. ·.··. Plut~n ium:'~itra,te sol u:tfohs that~ .· 
,. · fail to·. ·meet· product· sp~ci'fications · may: be/recycl.ed'to: the ·thfrd:·plutonium: 
·-·cycle .f ~ed0 tank :(,TK.;.LJ) d.r .recycled to :TK.;.E6~ . In>~he>former.·cas:e,. a· direct 

route·from-TK~L9:to TK;;.LJ'is.in place. :Recy~le.toTK-E6.isvia TK-Lll. ·: · 

,::s:-,·:•_ . . 6.4.5.2.·2, Major Components •. th.e _plutonium n\trate proauct sample .. , 
·."-0. tank (TK-L9) is a I0-172-gal tank. constructed of three 5-in.-diameter, .. 

··-~-J(· :.vertical cylindersconnected·together;·af'the top and bpttorri by crossover 1
• 

·· pipes. The vessel and all yal ving arid sai:nplihg equipment are located in-.a · ··-· ',•. C".,,,J;' 
, /f,."f'l.-,, .. . · g lovebox in: thEt PR··• room~ .· . . 

' - -- '., . 

. The p·lutoniurn. solut.fon .transf~r sJstems. are shown: in Figure:. 6-47~· . 
. ·._,Vessel TK-Lll .has ·two jet transfer systems •. The first -is a steam Jet used · 

to evacuate Lll for vacuum transf~r-op~rations. :·steam from the jet_ is .. 
condensed in· the E-ll2,·condenser above ,E-Lll·and r.outed to TK-FlO~ .The 
second jet ·is used,for liquid .tr.:9-nsfers to TK:-E6: The jet. moti.ve fluid . 
can be·.either di.lute nitric acid (from :the 3AS m'akeup .tank 2Jl) or cadinium• 
nitrate-nitric acid so lu.ttori "from TK- l5Li n 'AMU. Both. flu.ids' ar·e. sup.plied 

. by a high:-head centrifugal punip i11 .AMU~ · . . . . . 

. · fr.4.5.2.3 .·.· Safety Criteria and :Assurance~~Nuclear Cr-iticality · 
Prevention.· -.The considerations involved-in :making a TR-Lll to ll<-E6 . 
transfer. are ·discussed in Sect ion :6.4. 1.3. l. Vesse f TK-Ll l is safe on the 
basis of favorable geometry.: _·Ve~se·l: TK~E6 must be 'operating .with suffi
cient., solution present and: agit·ation so .that/ even· if concentrated plu:.. ·,. 
tonium sol1ri:ion (.up to4SO g/L of pl,utoniuml were sent without_poison, it.·· 
would be safe upori·receipt. In'addition,.a.11 material·sent·from·.TK:..tll :-. 
mu.st be dilute,. poisoned~·or·diJuted and poisoned.to·the extent that. its 
reactivity _or equivalent ·reactfyity: is 'less than 6 .g/L 'Of plutonium •. Both,
systems; woulp: have_ to 'fail: pefote there 'would' be a probl.ein in TK::.E6. · 

.. · 6.4.5.2~4 • :op~~~tibn'.al Control.; Jhe.plutonium·:_co~c:entrat1on of solu~ 
. tioos sch'eduled ·for rework. must be .known. so.that the solutions -can be·. 
diluted_·. and 11 poi~oi;Jed 11 sufficiently to ensure criticality preyeritiop in 
the. event of a .leak -into nor:igeometricany favq.rab le sumps. Sainple 
analyses are~ therefore,requ_ired for both the recycle and receiver 
solutions. The: volume or. solution transferred: to TK-L ll for .rework. must. 
b·e contro·l led:· so ·that the solution can be ·dilut·ed,. if. required.,· .. ·. 

· . 6-169 
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- Preparation and use of tl:1~-, '~roper motive fluid for: the transfer jet 
.1s controlled administratively 'arid ufirig the':cadm{t.im'riionitor on the makeyp. 
tank, if -cadm-ilfll nitrate .solution is used~·· · 

• • • - ' ' • • ' • • •• • • ' • ,, • ' ·~ < • 

. The equipment in the· PR -room· fs geometrically favorable' for 450 g/L 
. of plutonium. · The major potential hazard in the PR _room a,re the sumps 
discussed in Section 6.5.3. · · 

·-_ Miscel lane9us· pl!Jtonium-bearing SQ]u_ti'ons {flush solutions, ·sump' · _ - __ ,·
so lut.ion, and off-standard product_ so luti.on):- are: tr·ar1sf erre~\.from-TK-L 11 · 
to_ the first eye le feed makeup tan_k {TK:E6) for. rework,,through solvent · 

·•· extraction~ These so.lutions: tyRicaJly>range··from< less.than 1-tcf .about 
·350:g/L plutonium concentration/ \ ,,: . · : :. } : . __ ·- : - ·• -. _ . · - -:/ -· · 

_ , . D1rect transf~r of the mdre conc~ntrated sofutions 'i~to the geo- .. 
-~ f_-.:::,._. i_.:_·_·.:_ ·:- met.rically unfavorable· TK~E6 could _cause. a nuclear criticality· excursio_n 
-- · if -a single er,ro_r ·or ,equipment malfunction were·ti:f occur. \Jt is; ·there- · 

\,~t · fore, necessary' that the-rework solutlon be dfluted to or'.:.poisoned to th_e 
.' ·--~ ·equivalent of an.·always-safe.concentrat:ion pr.iorto leaving the_geomet~i-
:'..f;1;'.·- cally favo~able equipment. ·· ·- · · · · · 

<E:! The:ch,oice of mottve fluid fo~TK~L llito:TK;.:;E6 transfers ·;s 'determined' 'i ;:-:>.~< by plutonium: c;oncentration ob.ta1_ne~ from.·saniple_ analysts •. : Ca:dmium nitrate; 
,- a soluble neutron poison,: is :added to the jet motJye _f)uid for reworki-ng: . .,_ 
·more concentrated plutonfom,solu1;.ions. · ·Controls an motive fluid plus plu-

. tanium conc;:entrati.on al so ensure a safe concentration. in the sump in. the -
: event: of a line leak •. ,- · · 

.. The· transfer pump for motive Jluid is- inter.locked ta the two agitators : 
in TK-E6 to· preclude pluton-ium transfers tnto .,an insufficiently agitated · 
solution. In,.addition, the-liquid: Te_vel measurenient·af S(!lution in, TK'."E6 . 

• is_ interlocked to the agjtators: •. · 'Cdnsequently,_at.Jow, solution• level,:.: · 
, -c-transfers are prevented •. · · . . - . . 

'' 

_- Final lY,' those tran·sfers re·qufri.nf·the us{ ~f- cadmium nitrate are· : ,. · 
interlocked to a neutron detector.which measures·the cadmium concentration

. in the.AMU tarik.·. If- the:solutiori:is below a set-concentration of cadmfom~ > the--interlock ,prevents actuation crLthe p9mp. . . - .. 

: :.6.4~5.3: .Plutonium Oxide Rework· Facility~:: -

_ ., .. 6.4~5-~3~ l · Fun;ctionai Destri'pt,on~~ The 'f4nc,tion bf· tlie plutonium --
-_oxide rewor_kfac1l1ty, --lo<:ated 1nN·cell,-is to-di,ssolve .. 

. : out-of-specification plutonium .oxide, plutonium oxalate spilied frorn the, 
·.-vacuum drurn f.il ter; glavebox· sweepings, and other mfsce]l aneous· sol id. · 

scrap material~ - · · , · 

, The.material to be processed is diss·oived iri a boiHrig mixture of · -_· 
, n itrit acid arid sodium fl uorfde. (or straight nitric acid} in a· circul atirig -
. batch dissolver._ Follow.ing,dissoJution, aluminum.nitrate-is added to .com-
- _pl.ex the fluoride ion, the solution is filtered successively through two· 

', ... _ 

·. ' '.• . ~ ~ .: 



-~·· 

> ", •• • , 

-, · - SD-HS-SAR-001 -
- - -- ·REV 3 · -

,..•: •." '_; ' ·• ·.' ••_-. •• . ' ', ·' ·,•·. •·'Ji, ·•,-; •,··.; .. :' ,:~, ,; ;_\,,?,: .. ~.~'-'-'t>.'•,.•:: .. _ ... • r ·:. •~· '· '. •,.· 

:,separate .filters, .sampled, ·then. transferred to TK-L ll 'in the.PR room. for 
_ rewcfrk.Jhrough the sol vent- extraction _system ... The· facj l ity is des1gned ,to . 
• . process .about _3 · k~/ d. . · · · 

' ,.' ~.:4.5.3.2 ._ Major .Compone~ts. -·The plutonium oxide rework, facility~ 'is . 
·<'.•comprised.of two·dissolvers ·and offgas condensers, filters, transfer-and 
· •_recefver tanks_; a· vacuum trap, a transfer pump, 'and ·a· sampler in the N6 

. glo:Vebpx in N cell •. In addition~ a two-barrel rework solution storage . 
· : tank, TK-N53, is •located. in the pipe chase·adjacent.to N cell. . . . . ., . . . . 

· - < The :di ss~l vervessels .(TK-NSO, ':-NSlJ are fabrjcat~d from 6~in~ID-Pyrex 
'glass, pipe with Kynar* _plastic li.ds~. The di:ssolver ·vessels ·are.·equipped - ., 
•with ·axial' dr-aft tubes and iir supplyJines:for airlift circ;:ulatitm .and .. 
agitation of. t:he con:tents~ ~rid replaceable ,steam· coils. ' ... ' .· ,· \ ' C ' 

'-'~:.,'.•_::·,i_,•. '' ·,. The syst~'.has th,ree •tilters,, one :rated at Sl-a and two· af lµ. ,:The'first 
--::=-:, . :, , {5µ} ,filter is located in the t,ransfer line between :the rework transfer 

tank, TK~N54., and tbe ,rework r:ecei ver tank, T~-N52. . The second and third· 
(lµ)_ f-ilters··are in parallel, .. located between·the transfer·pump and the - · 

· - rework' storage tank, TK-N53~ . . . 

'. --, _._· Th'e.sampl_er,_·,basically a.'three-way.valve .~ith' a cbnnectiori· to. take, a ,' ·,,' 
· samp.le bottle;· is located; in ·the ,line between_ the<ci.rculation :pump and the1

. · · 

- rework storage tank. - . - · 

I ', th~ rework -'recei, ver. tank, <rework transfer tank •• and vacuuni '.trap, Tl<::.N52, _ 
·· >': ·• -N54 and.-VT-N57,- .respectively, are fabricated--from 6_-in.-ID Pyrex.:glass ,pipe 

· · wit~ ·Kynar p'}ast.ic e.nd ·flanges.· Each glass vessel in the- rework· facility 
: : .\has a metal screen: around it,· thus, reducing· the potential hazard to·· the · 

' operators from 'breakage. . · · · · 
' ' 

. ,: : . ' . . ' . 

The rework .. storage tank, TK_;N53,- is a two-barrel vessel fabricated from 
, 6-in·~ ·Schedule 80, stainless steel pipe. _ 

. _ .· . . 6.4.5.3.3 .Safety Criteria and Assur_ance •. • The plu:t.onium oxid~: rework . 
· facility occupies a glovebox. in N cell immediat.ely adjacent to the ·oxide 

· p.roduction gloveboxes; ·-the.general criteria and engineered features. ·_ .. -
described for this facility (Section 6~4.3.3) also apply .to. the rework ·

_-facility •. A,potential hazard resulting ·from processing plutonium so_lutions · ,-
-... from. the rework f ac:i l ity that cannot be eliminated completedly by ·eng.i- ..... 

neered features 'is the transfer and gradual accumulation of .plutonium -· 
solids in a nongeometrically favorable vessel in the solvent extraction ,or 
waste treatment system. - However;. in-1 i ne ftlters along with. a11a.lysi s. of · _ 
samples does provide the' means .to minimize solids 'transfers. <.Also,:.neutron 

.-.- , monitors are· placed near.the bottom·ot TK-E6 and TK-F7 to warn of.solids· 
-'·: -.accurtn.ilation. 

*Pennwalt Corporation trade name for polyvinylidene fluoride plastic 
,. resin. 
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6.4.5.3.4, ~perationaT ·td'n~ro1'{Ttte pll.i:t'on1'6:~.-~~Vci~'··~ework process ;.5~ 
.. basically, a single-step, batch process, and requi,res •airect operational 

·control~. The area of primary concern, other than personnel. rad.iation ·and, 
contami.nation· safety, is prevention of ·so.lids recycle t'o.the solvent- . 

· extracfion system. ·The-combination of procedural control, verification by. 
sample /analyses, .and backup detection of accumulation downstream will 

· reduce. the risk of ,accumulation to an acceptable ·level. 

6.s· PROCESS SUPPORT sY.sTEMS .· ·• · · 

6.5. l. l Gener~l Conside.rations. •. Most of.'1:he'. process •.systems in iuRtX must; 
be remotely control led because radfatfon-.shielding .separates operating pe_r;;;· 
·SOnneLfrom process.equipment.,.· ·.Instrumentation ·is used to measure ·and , -
automatically control process· flows. Some .. of the parametei:-s measured are · 
DP (including tank·liquid level and<solution SG), tei:nperature, radiation 

•. levels, e.lectric .. motor amp·erage,. an:d. speed~--

Wfth respect to safety, there are t_hree .. :l.e.vels of:tnstrumenta~fon·.·.sys~, . 
, terns. The highest lev~l of safety is_ provided by j_nstrumentatiori, coupled, 

with shutdown interloc~s· that autciniatical'ly i~terrupt th.e operation if .. th-a · 
.. measured parameter. exceeds p.reset safety operatlng ·1imits •. The second . 

.. . l.evel of instrumeritation· provides, a~tomatic .control of the parame_ter. of. 
interest within specified limits. The third and most common level of · 

instrumentation is measurement of a parameter.- with dfrect'.or remote. 
readout: of :the value •. Audible and visu.a1 alarms may be associ.ated'. with · 
any of the three systems •. Table 6-27 lists typicai·ranges or settings for 
the process control: ·instrumenta_t,io.n.:syste111.s proviqec:! with shutdown 
interlocks and, alarms_. · Systems; requireci 'to assure safety are denoted. ·. · .• · 
Redundancy and independ~nce are provided· in .the design: of critical cont.rol . 
•instrumentation.systems to:minimiie··the".Probability of :single. fatlure.s .. 
. •resulting in loss of the protect.ions'ystem. · The· OSRs (:see,chapter.11.O) .·· 
define the. condi.tions, safe boundaries and bases, and management co.ntrol · 
required t_o a,ssure safe operation· at the .. ,PUREX Faci JitY.· · · · · 

. The~ most cdmmon i nstr,ument system used cons fsts 'of .th!;!, fo 11 owing: : , 
. a ·sensing element. located tn,the process cell;· a transmitter, generally· 

. located in the P&O gallery;. and. an indicator· or .recorder, .located 1n one . 
·.· .. • of-.the five .. control rooms. · For <:riticaF,functions in.,whkh .. alarms· are ·· 

necessary, alarm· switches are. CC>linected. either directly. to. the· .transmitter-· 
. or to the indicator or recorder in• a control .room.· 'The control rooms are· 
destgnated as_headend,·.central, power,·N cell, .and Qcell, eac:hcontaining 
on.e or more graphic paneJ displays~ , The control rooms ar,e.·further. · 
addressed in Sec,tion· 6~6. · · · · · · · · · · 

, Instruments ~re· designated according ,:to.f u_ncti on and associated pro:.. 
. cess component •. The meaning of various -symbols found in figures through
. out Sec,tion 6:.·s is ,given in .. Tab·le 6-28 • 

. ;. ·6-..;l i3 
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Instrument' -
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Function - · Typical :range 
or ·setting : 

~· •_- - -, ,·' ' 
_.' A, ,s~· and C cells 

-, _Cask ·~ell- thermometer·, Detect abnormal temµ7ratur_e _ '5°C to, 65°C 
'· .. -DP ,~c~os! ~ffgas, , - Low· DP' c.uts· off electric 0:3 in. J-iG 

.. -· · ,' filter _ -•- - · - heaters 

' ' ' 

'lo_w steam Pt~ssure _- L·ow 'pressure·· turns·- off _-, · :-, : : 85 lb/in'.~ •-g 
· -_ steam and turns·- on _air to--- >,, switch orlof:fgas --

.'< ·s. -manifold-. 293~A . 
<.buil,ding - .,-: ·- · 

·offgas jets 
. -··· 

T~m'per.ature. of heated,', , High- and low-temperature·' -
---_ DOG - · -alarms· and 'Control of, 

- , electrit~l :heaters:-

:93°c· 
- 177°c·· 

_,,~,---- ,-- -- ,:Diss~lv~r•',wF :, : -WF recor-der : 
_High WF_alarin_ 
Low WF alarm 

20~°C __ -.- . ', ·_ ', 
0 to :270 in~ .wet 

· 167 in.' WG $'/:fl~tr' 

'~""" ' ', I.qi"";;- ' ' 6 _in., WG -. 
- . . . - . 

. '.Stearrlflow tcf dissol- - Indicator-controller. :. 
· ve'r :c·oi·l. -_:, - Low-pressure switch turns_ .. 

:o · to_ ?:,·o~o 1trth -
·s·.1 b/rn. 9:- -.-

- Dissolver'SG 

· Dissolver vacuum --

• off ~team an_d·H2o,. tlJrns 
on air to :TK-A3 coil - • 

SG, in cj;sso:lv6rc, 
High, SG alal1J ~. -
-Low .. SG alann -

Alarms on low vacuum and 
. :turns -off .•air-bleed-_in -
· valve 

· 1.0 to·2~0 
l.4 · 
1.03 

· 2 in._ WG 

:,~ l)i ssol ver ;temperatu~e ' Temperatur~: recorder C ' ' 
High-temperature alarm -

0°C to 200°C· '•-·· 
12s0 c . , . , -

;_Cell temperature· 

·Dissol~er. seat pot 
•' . . ' ' . 

Dissol ver,;lia--- seal --
·pot · 

- ·Prog~ammfr .selec~or _· 
- -switch ( see , - - _ 
- ,6.5~ 1.3.4 for · 

description) 

-.Cell sump WF 

Temperature· recorder 
High-temperature alarm 

-WF 
.HighWf alarm· 
-wF 

•- _ Low WF alarm 

. '0°c to l25°C : 
, 75~C 

·-O to 20 in· •. WG 
·g in •. WG · , 

0 to 10 -in. ',WG 
- 2.5 in. WG_ 

. . .\ . 

Controls' allowable; ch_emi- - _6'positions 
-- cal ·additions. and trans-
- . fers per flow sheet· 

sequence 
' . 

WF recorder · 
High Wf alarm 

6-174 

·Oto 30 in. WG 
15 in. WG 

' . . ,, 
' ' ' 
, ' ',·~. 

,,i. 

·'' 

,·.•,.-

,: '1'·.-: 
'· c-.·. 
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TABLE 6-27.; · Process Control· Ins~rum~nt'atiO~ .sy.sterm~. (Sheet 2. Of· 19) 

Instrument •• . 

NH3 scrubb~r .waste 
catch tank .. ·· .. · 

''' \. --~·' , . 

•;= '. · . · TK-0 l WF 

.. ,·i·: .. ·•·•·.·· .. 

>- ·, ' 

.. ~ ·_ . ', ' ; .. 

'TK~o3· WF · 

TK-04 WF. 

. TK~D4' SG" · · 
TK-05 WF 

"• 
' .. 

- . ;.:': :_ :' ' 

· rk~o5··s·G· ·· 

. Sump , D .· c e i 1 . WF . ·.· 

· .. : Terrip~tatute · · 

Function•· 
'. ..,· .. ;• .... 
Typical: range: 
'·• or setting 

A, B, and t ~ells (co~t.):_ 

WF<recorder .. . · .. ·. 0 to 120 ir1 .. WG · 
,·· High. WF .alarm'. .· . .. ,55 ·in •. WG 

·. High WF jets. out tank 48 · in •.. WG . 
\C>w·WF,.stops\j~t.:out of-t'ank · 12 Jn_;;. wG· _. 

·. ·· ILcell '·• 

. WF. rec·order ..• -~ 
High .WF" alarm. 
Low WF alanJ(·· · 
·wF. recorder 
·High· Wfa alarm• 
· .. Low _WF. alarm· 
Low WF turns off ag-itator . · _·. 

·wF recorder . 
. High WF alarm- .. 
'Low WF al ann· ·. 

· .. Low: WF turns off agitator-· 

"wF'· recorder 
High· WF alarm 

·LOW WF alarm 
. l,.ow Wf · turns :.a.ff· agitator. · 

low WF shuts. off jet :Pump· 
. : frpm TK-0~ :to JK-05 

. High SG ·alatm . · 
. ' ; . ~ . 

•. WF recorder 
>High WF~. alarm 

Low Wf al arrrv 
. Low .WF turns ~off· agitator 
. Low WF shuts off electri.c :; 

· • .pump 
: S(i,recorder . . 
. High SG ala'nn · 
·. WF indicator. 
. High. WF al a rin · 

O.tol40.in. WG"': 
87. '1n •. ·WG : . 
35 in. WG 

O· to 170· iri. WG 
95. i'n. · WG 

. 15 .. i,n'.e WG 
'11. in. 'WG· · 

0 to 200 . i.n ~ , WG . 
· 167 in..> WG 
32.- in. WG · .. 
32 in. ··WG . 

. 0 to- 200 in. WG: 
167 1n~ WG 
32. in. WG' 
32 :in. WG 

.5 in. WGi 

1.72. 

· b to 200 in .• 
130 .in~·. WG 

. 32 · in. WG ... 
,32 in~ WG. 
5:in. ·wG 

. 1·.3 to 1.8 

. l.72· 

WG 
,, ' 

0 to 30 in~ WG' 
··· 15 in. WG 

.· Cell te~perature--rriulti()<lint 0°C· to ·125°C . 
recorder . · · 

·cell, temper~ture alarm . 75°C 

., ~ . 
-·.' -

· ... 5-1.is•.: . 
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-·_Instr u~ent 

· - - TK-El Wf 

/~s..J:i··· 
.,.',,~-

'••·.~-

·11,h ~,-. 
---~·••. 
·_--~-.--

. ·,""'1.T.llfi' 

.. ~ 

,, 
,·•,," 

. . . . . ' . : . 

· · ,:r K~E3; jet pressure 

. 'TK~E:{ SG .. -

.. TK.;.E3 WF .--. 

·-.. TK~E3-2 WF -(catch 
:i tank) · · 

. TK-G-E4 

TK-E5 •WF _. 

TK-E:5 SG 
.- .. - < . . .. ·C 

-· _ TK-ES, temperature · 

TK-E6·WF 

TK-E6 agitetor . 
-- monitors · · · · 

_· .TK-E6 neutron 

·sump .E ce 11 W'F 

-·\ .:, ,'· 

. SD-HS-SAR~:ocn ·. , 
· , REV 3 -. 

._ · Function 

· -· -E eel 1 

Typical range.· 
or setting.· · __ 

', 

WF recorder O to fob .in. WG - · 
·Higb'WF alarm.. . 70_in.·wG 
Low WF alarm . ._ . . 38 in .• WG ;. · 

· :Low· WF' sht.its off ._agitator . 10 .in. ·wG.: ,·-

A 1 ~~IL and ·-shutdown . of• de~ &O · J b/i n~ g . : . 
.· pump J-E3~7 - . 

SG recorder · · i'~o to 1 ~5 
'A 1arms on· high SG- . TBDe _--. ' 

WF Recorder - 0 to 200- 1n· •. WG -

_ H:igh WF alarm -148 in._ WG··.:, 
Low WF -alann., 53 in •. WG 

WF recorder 
,High ·wF al ami. 

·. Low WF .alann. ·. . _ 
. Starts jeLpump·-out on_ high -

. WF · . 

. ' . . 
0 to. 60 _in.· WG 

'40. in •. WG · 
-5 in •. -WG .· 

• 40 -in. · WG . 

· Stops jet J)ump-out on· low WF .,5 _in. WG- · 

·. Thermoguard for centrifuge ; TBDe , 
· alarms ·when· motor -gets hot 

Recorder 
High· WF ·alarm 
Low WF -alann 
Low WF. shuts off agitator 

SG recorder 

Low-temperature alarm· -

WF recorder 
· High. WF _alarm 
.. Low .WF alarm. 

Low-·wF -alarm shuts off 
·agitator l . _. 

Low WF alarm shuts off. 
·•agitator 2 

0 to 200 in. ·WG - .- · 
144 in~. WG -
32 in. WG 
TBDe . ~-.. 

45°c 
0 to 200 in. WG •···•

. l48 ·in. WG > 
32· in. WG •: · 

·. 33 in. WG -· 

33 in. WG 

Agitators· must.be operating · .. NA. 
before PU recycle .·pump · 
can be started 
, ' 

Cr~ticality prevention · 

WF indicator 
Hi_gti WF alarm 

-,· 6-176 

0 to 30 in. WG 
15 in. WG 

. _:_\": ,,;_ 
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TABLE 6-27•. . P~ocess · Control Instrumentation Systems.. (Sheet: 4·. of;. 19) 

Instrument 

TK,;.151 WF' 

. . ··_ . _.._:•,_ . ··c· . 
:cadmi um?mon itor . 

·• TK-F2 vapor tempera'."' 
·.ture 

TK-F3 WF 

. . 

.· _TK-FS WF·' 

E-F&· t~perature .. ·. 

. . 

'Function· · . Typical 'range_ 
.or se~ti ng 

TK-151 Cd(N0~)2 ma~eup tank: 

WF' recorde~. •-·. 
· High WF··alarm 

Low. WF. alarm sounds:·. and_-. 
'turns '.off pumps .. ' ''•. ', 
. . ' . . . ,· .. ,' ' 

0 toJOO in. WG, 
35,ili. WG. 
12 tn~ WG., . 

·tow. conceritration· alanns · .35%: ori·SO?count~- range· .. · ... 0 
. and turns :·off Pu recycJe .. 

pump 

.J~F record~r > 

. 'High WF alarm 
. Low· WF alarm -
. ·vent header temperature' · 

· :.recorder • . . · . __ · - · 

· .· 0 tfl50 Jno · WG .. , .· 
96 in. WG ... 

· 1 0 .. in •· WG . 

- Alanns on ·Jaw tempera't.ure ·. _·. ;JS0°C 

WF .. recorder,' .. ·o to 160 in.· WG 
High.WF alarm··· .116 in. WG · 

. Low ·wF alarm. . . 47 in. WG 
LowWF sh'.uts off agitc1tor·:\ -35in~.W.G. 
Low WF shuts.off pump· ._ ·.. .6Jn. -~G · · · . . . . : , 

. · ,WF recorde~ . 
·sHigh WF. ala·rm 

Low· WF alarm : 
. Temperature recorder · . 
.. High teinpe·rature .alarn:i, . 

High temperature steam· 
shutQff· 

. . ' ' 

o to 180·.•in. WG 

. ~.1: n~: -~~ .. :- . ,· .. 
· 0°c ta• 150°c • 
·· ·120°c 

l 25°C. 

· • RTI/ sieam pre.~sur~ ( . 0: Ht~ih. :press'ure !ur~s ·off·: ., , . 
.. · steam .to· RTB. -• : · · 2 

: . . . 2 .. 
39 :lb/in. g . 

. Low, presslir~ Closes cbnden;- • 15.' lb/in. g 
sate valve . . 

H1gh' press~r.e turns off · .. 39 1 b>i I). 2 g . 
·. st~am to LTB · - · ... . . -
. low pressure closes conden,- .15 lb(in •. ~ g. 

· sate . valve 

. WF. recorder . 
· .High.WF ala.rm 
. ·Low WF, alarm .. · 
·Low WF · shuts off steam and

alarms 

0 to 200 in~ WG· 
175 in. WG 
146 · in. WG 
66 in·. WG · 

.. I 

· .... ,,,:,' . 

" •. ,, ~ -
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,;' 'li~°"g·· 
.. ·P· 

Jj;;' 

"b~ 

·-·St.imp (FA) ,WF .

.- JK-Fi ·WF . 

~- ·,. TK-Fi: ne~tron 

TK-FB. temperature· 

.. · .· ·, . -.. .._, 
' . 

TK-FB:WF 

· .TK-FB inlet steam 
-pressure -

TK-FlO WF 

\-J .. 

·. -.. · · .. s·o~Hs:.:sAR-ObT. 
· R.EV 3. 

Functi.on 

F cell (~ont.y: 

WF .recorder -·· 
High'.WF: alarm 

H:igh .WF•._alann· .. 
Low -WF :al ann . · 
· Low ·.WF shuts_ off pump · · 

· .. •· Criti'cality prevent-ion . 

Jempe~ature' r·ecorder . 
High temperature alarm 
High temperatu·re :steam 
- cutoff . ' . 

. . WF -recorder 
High WF ala:nn 
·Low WF ala nn . · · · : 
-Low WF shuts· off steam 

High ,pr~ssure· alann· switch·_ 
Low-pressure.alarm switch· 

_ High pressure shuts. pff - . 
steam - ·. - .· · · .... · 

· ·· · ,.TypicaJ ·range·· 
· · -or s~tti rig;· ·_ · 

0 to~30 -in .. WG 
· l5 ·111. WG - · - -

. 95 Tn. -W'G 
45,in~ WG 
10. in. WG. · 

TBDe-

: 0°C to lSQ~C · 
l20°C 
f25°C 

·o to 170.. in_. WG -. 
104 in. WG. 

.35 _in-. WG 
·· 30 in. - WG .. -- .. _ .. ' .. 2 .. · .·• 

29 lb/in2 g -. -
'5.-lb/in. g· .' 
29. ·.lb/" ·, 2 -- . - . . -·~ n.. g. 

' ' ' 

WF recorder·· O to·l50in. WG ·._ 

- High WF_ alann - 93 in. WG 
_Low WF al ann. · · · 20 ir:1•- ·wG. · 

· tow WF shuts :.off agitator '· 34: in~ 'WG · 
· Low WF shuts off feed· pump 15 in. WG 

. __ · to, backcycle concentrator_ 

E-Fll _ ste~, pressure · - High precstire:- steam shut.off 39 lb/in~
2 

g. 

' :E-Fll . temperature 

E-Fll_WF 

- to RTB . . , · · · · - 2 · 
Low· press·ure _c los_es · con den-:- · :15 lb/in. _ g 

sate valve . 
. · H.igh pressure ste~ shuto.ff 39 lb/in. 

2 
g -

- - and alarm to .LTB · , - · •· . ·. - .. 2 -•· 
· Low _pressure steam closes J5 lb/in. g 

condensate valve 

_Temperature --recorder -· 
High-temperature alarms and 
•. cuts off steam 

. WF _recorder 
, High WF alarm 

. Low WF alarm 
-Low ·wF_ steam cutoff · 

6-178 

·0°C to 150°C 
137°c: _ 

Q, to 225 in. WG 
175 in. WG_ -
146 in. WG 
66 iri. WG 

.. l 
' ' 

, : ·~ J• 
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. -TABLE 6_;27.~ ~. Process Control Instr'.umer1tatfon .. Sys.t~s-e .·_ (She~t 6 of 19)' ·. 

'. -~--

:_-~<: _·r_-

··.',:~-·f•.,•' 
·r~;. 

11/t: :· i~,. 
ii-

' ' 

. l11strument 

-JK-F]2, WF 

TK-FlS.temperature 

·. TK-FlS WF 

FlS seal ·pot. 

TK-Fl6.·WF. 
! - ,'••. 

TK-Fl6.<vessel _·· 
,, ,-

p-taessure . : .. ... '. -
Sump (FB) WF· _: ·· 

TK-F18' WF 

. 'TK-F26. WF 

,.',, 
' • _' I 

' ', 

Function 

.F cell (cont~) 
' -

Typi~al range , _ 
- or sett.i ng 

WF recorder _. . a: to J 50 fn • ."ei.JG.·· 
-High WF alann- . . : '95. in. WG -. 

· : Low ·WF:alarm _ · -.• " · . 45· in. WG. 
:.tow; Wit shuts·.;:off,,.agit'ator:.. : 32" in._ w·G' 
. . - ',, . -~· 
.wf:',recorde~,. ·• < :-,'.:, '., \Q to 170. in .. WG 
High; WF alarm,·,,- . 74 in •. WG 

· Low ~F. alarm , :, .' .. _. _ 50 in~. WG 
Low WF shuts'. off agitator,· :3a 111~·, WG · ... 
Low.WF shuts off ptJmp - 10 in~ WG . 
Tank solution tempera~ure ·, 0°C to l20°C .--

recorder-controller·,. 
Low temperat.ure . turns off · 93°C 
. raw.water·to,-:t.ank· coil.' ... ,· 
Low tempe_r,atu~e Eloses •. o.ff ·. •· .· 93°C < 

. sugar- solution _·. . _. · 

WF. recorder-. 
.· High wF• alarm.· _ 
. Low .WF ala rm .. . . . 

Low _WF ·shut.s off agitat9r . 

. w'F ·recorder·• __ .- · · 
Low WF.a]arm 

.... WF recorder · .. - .. 
'High WF alar,:n 
Low WF- ·a la·rrff .· ' · 

0 to 150 in. WG. 
107· in. WG , 

· · 45---in •. WG-
. 5 in. WG 

0 to 30 in~ WG 
.. 16··;n •. WG· 

0 to J 70 . in. WG . 
96 in •. WG 

_Low WF. shuts ·off" agitator t -
7 'in~. WG ... 
5 in~ WG · '· 

. Vessel 'pressure recorder - . 

. Low pre_ssure ala.rm 
: . Wf · recorder. ,i ·;:- · 

~igh WF alarm 
-• WF ~e~o ~der- : .' ,' 

_· .. High WF.alarm ·, 
. LOW; WF:ala,rm ' '•• . -

Low WF s~uts off agltato·r 

WF 'recorder . 
•HighWF-'alarm' 
--_Low WF. alarm 

Low. WF ·shuts.off ·agit~tor -

· :.5 to. +5 in.. WG 
. 0 fn. WG 

0, to 30 in •. WG .... · · 
.· ·. . 15 in. WG , •, 

0 to 150 in. WG 
.88 in. WG',: 
10 .fo., WG · 
-4i' in._ WG. 

0 tif 15a' in.-- WG 
107 ii,'. WG · 
45 ·. in. WG' 
34 in. WG 

I 
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Instrument 
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·. '.Sb;;.HS~SAR~QOl:
. ·. <REV 3 · . 

Function .. 

· G.ce11.· 

", ,·; ._ ·. 

Typ ica 1 .range 
or setting. 

~F recbrder :o to 120 in. ~G, 
High WF alarm ' · ' .. 71 in. WG ... 

: Low WF :alarm . . . .. . . . . l9 _in~ WG : . 
· Low WF shuts off. reci.rcula.;:.i J2 in. WG . · 
. ' fi on pump · ; · . · .· 
Low wF· shuts. off .pump .flow. . 39 in.: W_G •· • 

· .. ·to 10 column -·~ · ·, 

·'rank.· -solution temperature. 
·.·· .recorder; . · . . · ·· · 
•High temperature alerm shuts_ 
. off steam to.coil . · ·. 

.0°c· to. 100°c.·. ·• 

60°C · . 

·.N·'•:: .. Co·lumn. T-G2,·pressure·.: ·_High pressure .;aqueou~ alarm 
r"!>~_.· 

7 •. s-· in .. WG ·,. 
1 

• ·~-'"' · • TK-G2 ·'WF 
I . •if::: . 

- :•','•.· _· 

···.TK_;G2 temperatLJte . . , . 

' : Sump .G Cell ,WF ' 

· .TK-G5 ,wF 

JK-65 ,temperature. 

TK-G7 WF 

· TK-G~ ,:temperature • 

· · TK-G8 WF 

TK-G8 .·temperature 

·· WF recorder 
High WF.alann .· .. 

-.Low .. WF recorder 

.· .o•'.to .100 in. WG · 
71-in~ .WG 
22 in. WG' 

L_ow WF shut's, off· pump: . · .,8 ·in. WG 

High :al~~,- itiu~s off __ ... s.team.·· . 0 to .100°C 
· to COl . · .. · · . ·· 60°C . 

. WF: recorder 
· HighWF_al.arm 

WF reco r.der 
.High WF ·alar:m: · 
Low WF alarm. ·. 

· Low. WF cuts off<agitator · 

0 to 30 in.,-wG·: 
·12- in. ,WG 

0 to .. 200 in. WG · 
ll l tn. · WG · · · 

·40 in. WG.· .• 
28 in.• WG •. 

Low WF cuts off .pumps 8 .in. WG .. 

High. alarmC· ... ·. 6Q°C ·. _ . .. 

.WF recorder o·to SO.in. WG 
High WF alarm 45 .in.· WG ·. 
Low WF alarm· . · .15 in. -WG. · 

···.Low. WF · sbuts· off turbomiXer : 30. in.· WG .. · 
.. ,and pump ·· ... ·· · .. · · . ·· . 
Low WF shuts off :two pumps 6 in~ WG .· 

and agi,t~tor · · · · 

High· alarm 60°C 

wF recorder 
Low ·WF al arm 
Low WF · shuts off agitator. 
Organic· detector 

-High. alarm 

6-180 

0 to 150 in. WG .. 
42 in.WG 

· 30 in. WG 
3 in. WG 

60°C · 

. ,:: . ·~. ,·.. -· ,, 

; ' 
.·; 

.' .·. 

. /_.·' 
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TABLE 6-27. Process Control instrumenfati<Jn Systems. . (Sheet 8 0f}9) •. 

' I' 

I' ,. 

1· 

Instrumenf 

· .TK-Hl wp· 

. '· . 

. TK;.Hl temperat·ure 
'. ;i!::::<, ·:.:. Sump H cell WF 

iJ~ · i'. T.;,;H2 column·· 
_:_'Q~.· 

'.! ' 

Function 

H cell 

· WF recor_der . . 
-High WF. a 1 arm ·:: .··. · 
. Law.: .wF:. al~ rm .. · . . . . .. 
. · tow WF··tur:-ns. off -ag;itator>. 

· .. Low .Wf'..',turns;io_tf-pump-.: · 
. High a'ia~ - .· 

·Hi~h WF. ala-~: 

• HAS-H20 flow re<rorder-c·on- · · 
.. · .. troTler a:nd h1gh flow :.· 

· alarm · · 
. ' -

HAS conducfivity rec.order 
. and· low -acid alarm · . 

HAX organic flow recorder-' 
· .controller and low flow 
· alarm, 

E-H4-l water tempera:-.·• Low.-temperature: switch 
··. -, ture . shuts .off TK-FlO pump . 
:··steam pressure to- RTB High pressure turns qff · 

. · steam -to both tuhe - · • 
· ... ·bundle.~,--,also alarmsc. ·· 

.Low-steam.pressure closes 
.··. RTB condensate valve 

Low,::pressu re ·alarnr:: 

·•.· Steam pressure to tTB' Low.;,steam p~eSstfre• shuts- -
.condensate valve. to-·LTB 

. Temperature--LTB .... ··. High-temperature alarm 
High_ temperature cuts off•· 

- steam;, .. both: bundlesc · .·· ·. 

I , .. 

; : E-H4 ·WF wi= recorder.-. . ..• 
High WF alar,11_ .. --

', Low WF _alarm·.·'.·. . · .. 
. Low WF steam ·cutoff ·. 

J cell .· 

:; .. TK-J.l WF WF recor,der' . 
H1gh WF ·alarm. , · 
Low WF alarm· · 

• Low WF sbuts . off pump 
. · Low WF -shuts ciff agitator 

6-,]81.·' 

Typical· range . · 
or sett i ng ·-

Oto 10~.in~·wG .· 
135. in •. WG 

. 25. in. WG 
28<in. WG: · · 

. 10 ,in •. WG,: . 

60°C · · 
s-.tn. wG . · . 

·o ··to -~5 ~al/min\· · 
5 lb/rn. g . - .• ... · .. 

(2~5 _ga.l/111j_n),.:: ... · 
. 0.6 t6.l·~~ lb/gal. 
. .. - {0.8? -lb/gal)·.··. 

. . .. ' . 

O to .120 gal/min· 
· :.·. (12 gal/min) · 

40°C 
' . 2 -

29_ lb/in. g 

·... 2 . 
. l5 lb/in. g, 
·. -· . ,,, ' . 2 

12._5 · lb/Jn. · g-

15 lb/in. 2 g . 
•. - ' 

120. sc;)c 
125°C 

o. to 250-·in. ·WG. 
'2oo·in. WG 
160 in. WG 

· 80 in. WG 

:0 io 200 in~ WG 
127 in. WG 
51 in., WG 

. 11 in. WG 
5 in. WG 

'.--..--.. , 
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TABLE 6-27. Process Control. Instr.um~ntation Systems. (Sheet 9 of 19) 

Instrument 

TK-Jl temperature 
TK-Jl neutron 
TK-J3.temperature 
TK-J3 WF 

TK~J3 tank pressure 
( vacuum) 

T-J4 18S flow 
·TK-J5 WF 

TK-J5 temperature 
T-J6 neutron 

(3 locations) 
T-J7 ICX temperature 
EJ8-l steam pressure 

to RTB 

EJ8-1 steam pressure 
to LTB 

EJ8-l WF 

E-J8-l temperature 

. Fun ct ion 

J cell {cont.J 

High alarm 
Criticality prevention 
High alarmc 

WF. recorder.· 
High WF alarm 
Low WF alarm 
Low WF cuts off agitator 
Low WF·cuts off pump 
Low vacuum alarm 

Low-flow al annc 

WF recorder 
High WF alarm 
Low wF· alann 
•Low WF pump cutoff 
High alarm 
Crit ica 1 ity prevent ion 

High alarm closes ICX valve 
· High-pressure alarm 

High pressure shuts off 
steam 

Low pressure closes conden
sate valve 

High-pressure al a rm . 
High pr~ssure shuts off 

steam 
Low pressure closes conden-

sate valve 
WF recorder 
High WF alarm (total tank) 
Low WF alarm (total tank) 
Low WF steam.cutoff 
High-temperature alarm 
High te~perature ~huts off 

steam · · 

6-182 

·60°C 
TBOe 

60°C 

Typical range· 
or setting · 

0 to 120 in. WG 
83 in.· WG 
36 in. WG 
24 in. WG 
8 in. WG 
-l in. WG 

.TBD . 

0 to 150 in. WG 
·86 in. WG 
30 in. WG 
5 in. WG 
60°C. 

60°C 
29 lb/in.~ g 
29 lb/in. g 

15 lb/in. 2 g 

29 lb/in.f g 
29 lb/in. g 

15 lb/i.n. 2 g 

-0 to 250 in. WG 
227 in. WG 
l55 in. WG 
76 in. WG 
l20.5°C 
125°C 
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• · TABLE· 6~27. Proces:s ·contr.bl ._ln~tru~entatiOn Systems. ,.(Shee~ .lO·of l9J. 
; . . : .. . . -· . -, - ~ .-- . -

;,· ~...:!~'. ·.•· 
~~·· 

: ~' fit;__ '. : . 

Instrl!ment 

·· EJ8-l SG ·. 
'-, 0 • C • ' 

EJ8;..2 · temperatu~e -· 

SPLP-J8Jccindensate: ·_·· 
sample _tank:) .. 

.. . I ..• ,·. 

Sump·J Cell WF 
' ' 

Sump {J2) WF . · 

TK-Kl WF. 

• : Typic,al range 
· or· setting. : •· 

J cell (cont~) 

:H 1 gh. SG .. ·-al'a,rin .i·.78 · .. 

. "_ffigh ,•alarm; ;"nte~lock\openS-. .. '. 60°t·: . 
. · cooling. water- ·valves'. •,. 

: WF· ~ec0.rder . . · · 0 to:· 50 i-ni. WG: 
Low.WF, p'ump out, cuto:ff .and·,·' -10 lrl~ WG .·' . 

alann · · · · 
' ' 

WF recorder. 0 . :to · 60 in'~ . w·G · 
. High 'WF' ala mi' ; ·12 •·in. ·wG 

K cell - . ·. 

WF recorcfr~r · 0 to.:·200 in~ .. WGS: 
·High WF aiarm ; 125 in. WG' · · 
low WF. alarm· . · 51: in. WG 
Low ,WF ag·itator:· cutoff ·· .. 39 fn. · WG · 
Low ·wF pump :cutoff . . l2 i.n. WG ... 

TK-K~-, t~mperatu~E! • · . H.igh al annc ·: 60°C-_ 

·.: T~K2 pulse generator · Puis~r alarm: (motor) . NA. 
,. - . . · , Pulser. pl arm {.alternator). <_·.NA 

.. ;-T-K3 tempera.ture (2EX ·_ Steam cutoff to spray.,· .· 60°C 
high· te~perature)/ · · · · · · · · · 

. . . . . ,' '' . : . 2 ·.•:. 
E-i<4-l··steam. inlet High-press~re ahrms ··end··· 29 ·)b/i.n~ :·9 
pressure · closes steam valves . . ._ . 2 .. 

·Low· pressure closes·.coriden::· 15 lb_/in. g·_· .. · 
.'.· -sa:te· drain LTB . '.: ·. . 
· Low pressure-closes conden- .. 151.b/il'J. 2 g-

sate .. drain ·RTB. 
. ' ,. 

.. · WF recor'der! 
. High WF alarm · 
·Low WF •alarm.. · 

. ~O\'I :WF turns off steam 
E~K4~ l 56 , , .. .· ··High SG .a'.larm_· 
E-K4-l ·temperatu.re· .· .. High..:.teinp~rature .~larm 

_ . , o: to. 250 ·.in~ ·WG_ 
. '· -240 ·in. WG 

.· . 188 .. i n. WG . 
76 in~ _WG. 
L72 

· High te~per,ature -shuts_ oJf 
· steam ·. · . - - . · • 

· -. l20-. 5°C 
l25°C--·· 

'6-183, .. 

- . '· .. 
-,• .. 

.1 

) ' 
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TABLE 6-27. . Process Control In~truin~ritatio·ni··systems·. (Sheet 11 of 19) 

Instrument 

· · TK-K5 WF 

TK-K6 WF 

. ··Sump K cell WF 

Sump {SLK) WF 

· L cell OP 

Sump (SLL) WF (2) 

T-L l pulse generator 

T-L2 pulse generator 

2BP alpha monitor 

TK-L3 WF 

. TK-L3 temperature 

SPL-3AF 1i quid level 

SPLP-L4 3AW alpha 
monitor 

. 3AF-HN03 · 

PSF HN0
3 

monitor 

T-L6 evaporator tube 
bundle pressure 

Function 

K .cell (cont~) 

WF recorder· 
Low WF shuts off agitator 
Low WF alarms 
High WF alarms.' 

WF recorder · 
High WF ala·rm 

. Low WF alarm 
Low WF shuts off agitator 
Low WF shuts off pump 

High WF al arm 

· High WF alarm 

DP recorder 
Low-OP alarm 

High WF alarm 

Motor alarm 

Motor alarm· 

L cell 

High-alpha alarm 
Low-alpha alarm 

WF recorder 
High WF alarm 
·Low WF alarm 
Low WF cuts off pump 

High al arm 

Liquid level alarm 

High-alpha alarm 
Low-alpha alarm 

Flow recorder-controller 
Low-flow alarm 

Condu·cti vity recorder and 
. low acid alarm 

High-pressure alar-m 
High pressure cuts off 

steam 
Low-pressure alarm 

6-184 

Typical range 
·or. setting · 

0 to 200 in. WG 
32 in. WG 
54 in. WG 
135 in. WG 

0 to 200 .fo o. WG 
l50 .in. WG 
16 in •. WG · 
42 .in. WG · 
12 in. WG 

10 in •. WG 

1-1/2 in. WG 

-2 to +2 in. WG 
0. l in. WG 

· · 7 3/8 in. WG and 
1/2 in. WG 

NA 

NA 

. 15 g/L 
4 g/L 

0 to 170 in. WG 
134 in. WG 
3 in. WG 
3 .in. WG 

60°C 

2 in. WG 

0. l g/gal 
0.01 g/gal 

0.1 gal/min 

0.6M to 1.6M 
(l70M) 

29 lb/in.~ g 
29 lb/in. g 

5 lb/in.
2 

g 
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TABLE 6-27.: Process Contr.ol :Instrumentatio'ri Sy:stems: ,.(Sheet 12. of i9) 

· Instrument 

T-L6 WF 

' ·:' 

Function 

L cell (cont.,) 

WF recorder 
'. Low··WF .alarm , . 
Tow. WF. shuts. off steain and. 

Typical range· 
or setting ·· 

0 to· i.40 in. WG ,• 
.:,,17 in •. WG ·:. 
:,i7 in., WG .. 

· · air ... :·· . ·. · · • . 

::::J-L6 process temperai .. '. H.igh ,temp,era{~re\shuts'. .off.: '··. l23°C/ ·.· ' 
tu.re·.· . ·. · , ·. . ··; . steam valve •·· ·... . ·. · . 

. · . . High.;;temper;ature· alarm . 119.;C 

E-L7 WF. 

· .. E-L7 · steam pressure· '. 

E-L7 p~ocess tempera
ture. 

· E-L7 SG 

•· · ' TK-LB-PCP: wF· 

. H.igh SG··~larm'· . ·r,1.35·· 
High:SG shuts off ,steam : ·.· 1 .35 

' ' 

WF recorde,,; .·.· . .· . O to 140· in. 
Low WF alarm .. ·'. :: .:i ··, 17 frie.WG .. 
Low WF·. shuts, off stE!am; .. · 17 in. WG ':: · 

• High, steam" pressure; shuts : .·. ':. 29, l.b/fo •. 2· ,g : 
.. . off -steam·. · , · · . • ·. · . . · 2 · 
. H.igh steam pressure ·alann , . , 29: lb(in

2 
g 

. Low steai:n pressure alarm . . 5 lb/,n~ .g. 
' < • :~ • M 

High-temperature alarm 
H~gh:te~perature shutsoff 

· steam. . ·.· . .. ,_ ... , ·. . .. 
.· · ,Higti .. SG .aJarm. . 

.·. High SG ·shuts. ·off ste~m 
· WF recorder · 

123.~C ·: 
121°c 

1.68 
L68. 

WG .•··:· 

· .. ,·, High WEi alarm 
· 0 to. l80 .in •. WG • · 
. 137' in.· WG · 

·t. cell fire alanric:: AlarmsJire 1n .cell · 

TK-L ll ~F .: · . 

·s'~mp· (SLh). WF · 

· . PR·· room. 

·wF· .recorder·•.·.'•· 
. High WF 'ala~ .. 

.' High :wF · a 1 arm .. 

M •cell 

TK-Ml (decontamina.::: .·· . WF· indicator . 
·. tion cell tank) ... ·• Higti WF>alarm 

Low WF' alarm 

Sump (SMA) WF 
. ,' '.'. 

. ·· WF recorder · 
.. High Wf al arm· 

:,.. ',· 

·· · 6.-las 

0 to 200 in. WG 
106 in. WG· 

l iri~. WG· 

_(J to 326 ,in. WG. ·· 
137 ·fo~ WG ... 

.SO·in. wG· 

0 to 30 .in. ·wG· .. · 
6 in. WG 

' ' ' 

. ·• .. ·- .1 

•;c,'•'> 
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TABLE 6-27 ~ Process Contra 1 Ins·tru'rrie:~tatiori :Systems·. (S~eet 13 of 19) 

Instrument Function 

. TK-M2 

Sump. (SMB) WF 

TK-l9 WF 

TK-M3 WF, TK-M4 WF, 
TK-M5 WF, and 
TK-M6 WF. 
Sump (SMC) capaci

dance probe· 
TK-N3 WF 

TK-N6 WF 

TK-N5 WF 

TK-N7 temperature 

TK-N7 pressure 

F-N8 liquid level 

M cell (cont.) 

WF recorder 
High WF alarm 
Low WF al arm 

WF recorder 
Low WF alarm 

N eel 1 

WF recorder 
High WF al arm 
WF recorder 
High WF alarm 
Low WF shuts pump to TK-N3 · 
Liquid al arm 

WF recorder/alarm 
High .WF closes discharge 

valve~ on P-M3, ~M4, -M5, 
.. and -M6-l 

WF recorder/alarm 
Low WF shuts down meterinQ 

pumps P-N35/-N36-l . ~ . 

WF recorder/alarm; low Wf 
shuts·off recirculation 
pump P-NS-1 

Temperature indicator 
controller/alarm. 

Pressure indicator/alarm; 
high pressure shuts off 
H2c,.o4 and Pu{N03) 4 f eea pumps 

Liquid-level alarm 

6-186 

Typ•ical range 
· or setting · 

Oto 30 in. WG 
137 in. WG · 
50 in. WG 
0 to 30 in •. WG 
6 in. WG 

O to 70 in. WG 
50 in. WG 
0 to 300 in. WG 
256 in. WG 
42 .in. WG 
Positive conductivity 

0 to 60 in. WG 
48 in. WG 

0 to 70 in. WG 
9 in. WG 

0 to 100 in. WG 
10 in. WG 

0°C to 150°C 
60°C 
0 to 30 in. WG 
3 .in. WG 

2.25 in. WG 
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TABLE 6-27 •. Pr.ocess. Cont~ol instr~_ment.~{for( Systemse {~heet 14 of 19} .. 
. . -. . ,.. . . ' ;, . .. , - '., ,• . ·_.· . ' . . -

: . Instrument . > . : ··Function · · 

· - N: eel l (conte) · .. 

Typical·.· r·ange 
or setting 

F-N8 overflow vessel .· · liquid~le~el·.alarm -_liquid· 1.0 tn .. -.WGi 
i --. tn overflow vessel shuts .·• 

'.· CA-N9-. temperature ··•·· '. ' . . , -~, ,, 

.. -·•off feed_p'umps.t'o-Jk·-N7 ... 
. /r~perai:'~:r,~ : recoider-con~ . '.. _- .0°C· to·, 600°·c·i 
-> trol ler /al arm\( 6,c,:iea.rest·.; 425°C, ('high)' ..... 
. points.f ·· . . . . . 375°C (low) ' 

·~ CA~N9 screw speed . · '_, . Screw ~peed _i.ndjca:tor/con- _ 0-~1 to 200 rpm · 
. · t~oller/alarm :·:>:,· ,: ·- ··. ,l.5 rpm (Jow}/2~5 rpm 

. (high) · · ·· ·· · ;,,,~/ 
··,: ·_ (1; · ... 

. ~•: :. . , C~NlO 't~perat~rJ Temperature· rei:order~con~ · o@c to 600~C · _.~4. · troller/ala,r,n · 52soc_ (high) 
~· ,475°C, (low) · 

.. >~ .. CA-Nl0 screw speed· ,- . :Screw· s~~~--indic~t~~/¢on~ . O~l to 200 rpm 
· troller alarm. · · 3.5 rpm ·(iow)/4.5 rpm 

i · .. 

j'-
1·. 

·. TK-NlLWF 

. TK-Nl3 WF 

. ' . . . 

~TK-N15/~Nl6'WF: 

'. TK~N]9.·wi::·:_' .. ,, . 

TK-:N21-, -~N22· WF 

-~ 

_-TK-N20- tiquid···1evel 
: TK--N39 ·::_N40 ,'WF · ii 

. . . ._ , . . . 

. · . •· . . . . · . fh i gh) · .. · .. -. - . · . · 

WF record~r/alarm- (low WF 
ihuts down -the N13 con-

.. centrat'of :f¢ed .pump){ . 
: high WF shuts~H2c294 and 
_; _:Pu(N03)4_:feed .. pumps ·to , 
·, TK-N7 · · .. ·' . •. . · . ,. · 

. ': ·,' 

• WF recorder: 
. · .... Htgh-.. ~la_r,:,r,~ .:,: .. 

··Low alann .... 
. 'wF. indicator/recorder/alarm 

· (low.WF on.tank·fn,ser·~-
vic:e shuts down drcul a-· 
ti!)n pump) · '· 

Pressure, recorder/alarm 
I , •'; ,;. 

Wf-~ecorder/alarm .... ·.·.·:. 

· WF indicator/recorder/ · 
<: alann·. --. . . , 
,· ' ' .· 

.·ti_quid:-:- le've l al arrn . 
' . -, ' ' . 

WF .recorder/al9rm· 
1 . . . ' , .• 

0 to 100 in. WG 
.10 in. WG ( 1 ow)· 
58 in. WG {high) 

. 0 ,to 50 iii •. WG 
- 40, in~ WG 

8.5 in. WG · .. · 

:o to l0ff in. WG 
13 in. WG 

. . . 

0~5 to·1:s in: WG 
- 0.2 in. WG . 

. 0·1:o·so in. WG 
.4.· in .. WG • 
o to too in. WG · 
·72 in. WG (high·) . 
J 2 in·. WG { low) 

14 in._ WG · 

·. ,0 to 200 in~ WG 
l 01 in. WG 
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.TABLE 6-27. Process Control Instrumentation Systems. · (Sheet :15 of 19) 
. . ' .. ·~ ' . . ~· 

Instrument 

TK-N30 WF 

Glovebox floor 
liquid detectors 

TK-R l WF 

TK-Rl temperature 

TK-R2 WF organic 
detection 

TK-R2 temperature 

T-R2 pulse generator 
TK-R5 WF 

TK-R5 temperature 

TK-R7 WF 

Function 

N cell (cont.) 

WF recorder/alann (high WF 
· in TK-N30 actuates MOV to 

bypass vacuum header and 
transfer to vent headet) 

Liquid_detectors/alann 

WF recorder . 
High WF alann 

. Low WF al ann 

R cell 

Low WF shuts off recircula- . 
tion pump 

Low WF shuts off pump flow 
.to 20 column· 

High alarm shuts off steam 
· to coil. 
WF recorder 
Organic detect1on alann 

(level at 72 in.) 
Low WF al ann 
Low WF shuts off pump 
High alann shuts off steam 

to coil 
Motor al ann 

WF recorder 
High WF alarm 
Low WF alarm 
Low Wf, shuts off agitator 
Low-pump pressure causes · 

automatic decanter pump 
switching 

High alarm 

WF recorder 
High WF alarm 
Low WF alarm 
Low WF shuts off agitator 

· 6-188 

Typical range 
or setting 

0 to 100 in. WG 
49 in. WG 

Positive conductivity . 

0 to 120 in. WG 
69 in. WG 
18 in. WG 
6 in. WG . 

39 in. WG 

0°c to 1oo~c 
60°C. 
0 to 100 in. -WG 
3 in. -WG 

20 in. WG 
8 in. WG 
0°C to l00°C 
60°C 
NA 

0 to 200 in. WG 
131 in. WG 
69 in. WG 
37 in. WG2 25 lb/in. g 

6O°C 
0 tci 200 in. WG 
131 in. WG . 
59 in. WG 
47 in. WG 

1 .. 
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TABLE .6-27. Process Control Ins,tr4mentation. Sjs~erns •. >· .(Sheet T6 of 19) 

Instrument 
.· 

TK-R8 WF organic . 
detection· · 

.R-, cell sump WF ·. 

· TK-Ul WF 

TK-U2 WF •· 

'Fut:tc1:idrl" :. ·. 

R cell (cont~) 

Typical range .·· . 
. or setting · 

High al ~!lf tu~ns"Aff steam ..• · 60°C 
·. . ta ccn, .. . , ,, ·, : : . ,. 

WF' recorder:. . .. . . ... · ,:_0
3
. t

1
.~n.·_1W5.0

6
_.·.:: ) __ ·_n-. WG · . 

· Organk-:detec:tjonialann,.• 
. ·.-. Clevel: at. 87.,.i n~ l .· .· .•. ·_.. . ._ ... . .... 
Low .. WF :;alarm ·shufs. off.·'steam -46 i~~ '\,JG 
Lo~ Wf shuts off agitator, · . 28 in.·: WG ·_ . 

High;alarm 
' . . . 

High·_WF alarm··. 

·: .u·celL. 

. WF recorder -.. . .. 
Low, WF .turns : of( ·agitator· 
Low wr turns off pump. 
High Wf, alarin ·. · 

· Low WF alarm.: .. 
. . . . _, ._ 

· wF:·recorder · .. 
High· WF alarm·. : 

.. Low WF al a rm . . . .. ~- ' ' . 
· Low WF. turns off agitator 
.Low WF .. turns off pump ·· '· 

. 0 to lb0°C 
60°C 

12 in. WG· 

0 to· 250 in·~· WG. · · · 
. 29 in. WG · · · 

.. 9 in. WG 
175 H1. WG . · · 

.29 in. WG 

O to-250 in. WG 
175 in. WG 

_ 29. ·; n. WG . . • · · 
29 in. WG 

. · 9 1 n~ WG 

TK-Ul ·and>TK-U2 pump ·. · .Low~pi.itnp. press~re\;wlt~hes 
pressure. pump automati~all.Y:. . .. 

.. '. . . . 2 ' 
40lb/in •... g-

TK-U3 WF -,. , 
. -- ... _, ,· ·. 

. TK.2.us WF· .. 

. . ·- ' · .. , . 

.. Wf: recorder · .. 
High WF alarm.· . 
'Low ·WF .alann. · .· . .. 
:lo"4 WF turns off. :agitator.· 

. . ' . . . 

0 to 250 ·in. WG 
. 138 in. WG 
25 in~· WG . 

. 80 fn~ WG ,·· 

WF:retor;der: . O to 250 in •. WG 
High WF alarm· . . '. 138,)n.: WG 
~ow WF alarm > . . _ · 25 in •. WG 

· .Low WF shtJt's qff agjt·ator : . · 80 in~ WG . 

.WF. recorder:-. • . . .· . d. to 200 in. WG 
.· High WF:alarm. · , 150 in. WG 

Low· WF alarm .. · JO in. WG 
, Low WF tutns off agitator . 30 i'n. WG 

Low WF turns off :feed fl ow · 30 in. WG 
· 'pump J, · · 

Low WF turns off feed f.low · · •· 30 in.~ WG 
.pump -2 ...... 

. 6,-,1'89' .· 
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. 'tABLE 6;_27~ · Process ·.Control Instrurnentation_ Systems~ _{S~e~t ,i7 .of 19) > 

Instrument· 

·· rK.:.u6 wF . 

:: .. ~ 29·3~A.·'radia···tion "'~' 
9 . · . A, -s~· and C cell 
~~, -: i<>di ne monitor ... 

:~·,.· A,:s,·andCcellcoil 

. ' . ' . 
,·. 

monitor 

· NH3(H2 monitors 
a1ssolvers 

,, ' T cell :~Hj mon,it?r' 
- ,XB ;temperature : . •- · 

:XA ·f.low. rate 

Sump (SX) WF 

XC.·WF 

XO WF 

: XB ·acid flow 

. Functiqn 

· :U -cell {cont.) 

WF recorder . 
High WF a·l ann 

.LowwF·alann 

.. 'HighWFalarm, suinp_·sk 
High. WF al.~rm; . ~U!f!P SB . 

Headend:control· room 
. C 

High alann 
High alarm · 

High alann. 
. . 

High anmonia alarrncc. 
High hydrogen alann 

· · _Heigh· amrno~ia· .aJ~rmc 

-'High. al ami 

Recorder..:controller 
·.Low-flow alarm:· 

WF· indicator 
.· .- High al ann .· 

WF recorder 
High alann 
Low alarm 

WF recorder 
. · . High WF alarm·. 

.Low WF· alarm 
_ Low WF pump cutoff. 

Low. alarm 

·· Typkal· ra·nge • 
or setting 

. . O'-to 150 in. ·wG·. -
130 in. WG 
·95 in. WG 
4- in·. WG . 
.4 · in~ WG 

5·t"old.;.over.background 

2.0 vol% · 
2~0.vol%··•·· 

2.0 vol% 
: ·. 
-40°C- .. 

: Oto 305 gal /min 
. 152. 5 gal/mi n · · 
Oto 50 ·.·in~· WG. - · 
37 in. WG 

0 to l 60. i n ~ WG 
95 in. WG 
25 in. WG 

0 to 120 in. ·wG 
48 in. WG . 
31 in. WG 

. :12· in.· WG. 

25. gal /111in: 

Alarms in dispatcher's office--r9diation 

., ... 

'" > 

• • • ~ 1 • ,.! ' .. 

,., .. 
,.'.' ..... 

·:·,:"::-: 

, , • Green fuel detectorc .'Detect short-coo led "fuel 'Ratio of two. gamma .peaks~~ 
95Zr/95Nb to 140La · · 

.·6.:.190 

i s > 20 ( nomi na l) for 
properly :aged· fuel~ 

. . ' ./ ' 

: .·: ,: ,· / : ~ 

I 
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· TABLE 6-27. Process Control Ir,strumentatfp~ Systerns~ ''(Sh~~-t 18 .pf_ 1~) 

instrument .. ---_. F~~ction. Typ{cal. range · ... 
or setting 

' . 

Alanns in di spatch~r' s off ice·--radiation .{contc) 

High radiation; area -Detect ·high ,radiation \n < 
personnel ~niters personnel occupied· area_sl_. 

· RE chambers } · 

. {High..:si:eamcondensa1:e:, Detect;hig~'fradiat-io~·•i~ ·: > 
'·.·. radiation (RA~SC~l} ·steam\condensate > 

., ·: High-radiation . •, Detect h1ghradiation, in · 
· condensate catch· · steam condensate · 

. tank .caisson-

. (RA-SC-28)- · 

. ·Radiation monitor . 
. -failure~, 201 pump 
···. pitc . . .· · 

· Radiation monitor: 
-. failure; steam_ ·. 

. ... . . · -condensate pit .. · 

Detect failure ·of· co~ling 
water rnon itor·. . 

:• etect f ~Hu~e of ·s't~'am · 
condensate.·monitor .:. -~· 

>. __ East sarnp~e galle~y . _Detect.high radiat.ion on 
/ .air contpmi nation ._:.. _:__t_he · east sampl,e galJery 

·· air sampler · 
' . ' . 

Beta-gamma ··stack gas. Qetect_ h,igh .·radiation-in_. · 
monitor_ · · · · · - canyon -.ventiJatior .exhaust 

St_ack~gasci9~tne ;- .!·· ·_ Detect:'htgh_ .131r;n· canyon· 
.· monitor '. , •... , : ":¢ritilation ~xhaust ----- . 

. . . ·-criticalitt- alarms,· ... Detect' 'nuci'ea~ crib,caltty 
.. · · 10 each . . -- · . . ·· ace i dent .· ·. · · 

· 5-foldover .background· ... 

· ·5,foldover: ,b.ackground. · 

~-fo]dove;·background 

·.• 5-foldover bactgrdund. < .. -
. .... 

· ·4 times Tab le U/h 

' .· . 

5ipoo-toJdov¢r Ta61~.r1 
concen1:rat for:r 

5,000-fqldover ~ab~e~Jf~ 
. ·concentration . 

· .. Alarms. i_n •Dispatcher~ s,:.otf ice\"';..Firec 

. . F ce 11 _· (east · and 
· '". west). 

G cell. 

'H.:i:cell 
.· OK ·cel.l · 

L cell· ... · .. •-· 
P&O gal.le~y. 

-.2.76-A (R cen) 

· Flr~ detectfori ·· 

Fi.re detectidn 

Fire detection 
Fire detection 

_'F; re d~tection ·• · 

Fire. det·ection 

Fi-re detection 

-·• • 6-l9T · · 
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'rABLE 6-:27~ -Process Control· Instrumentation Systems •. (She~t·J9. of 19) 

'Instrument 

Breathing a!r low. 
·- pressures: . 

; :-Vacuum air ·s·ampling .·. 
· pump faiJure 

·. :. '.Hot-bearing alanrf on · 
, , . : .: 291';,.A' exhaust - . . . 

: :;,~. . : .:cr.ittcallty 'rec~rders. ·°' ·. . .' N cell · 
~~!:, 

Function · 

Other: alarms. and .recorders 

• Alarm· f ai'lure 

. Record. radiatfon from a 
· nuclear-criticality 
. ·accident .. · · ... .. ,~,• 

, e,,.J., 

. ""'~·· 
' . ,•·. ·, ,. 

CriticalitY,recorders' , Record radiatfon from- a 
. PR room . • _ .. · , . .. -nuc 1 ear criticality · · . :""'"1\11'1 .... " 

. ~f~.t· . 
. :·· . . · accident. · 

-.~":t 

. Criticaltt.r-~ecorders .. '.Record rad.iat.ion .from a . 
. • .. , Q cel 1 · ._ . . . · nuclear criticality 

·,. · ·;accident· 

,:Personnel m_on itorsc • 
.. . ' . 

. Recorq .: radi atiotT readings 
.. · of personnel monitors . 

· aDifferential pressure. 

Typical .,range 
· or setting 

lO in. mercury_ vacuum 
. ' ' . 
·, - ·: . 

· bPrevents: the addition:·. of NaN03, AFAN,. or ·ANN via nozzle 66. ,:,·, · 

cSystem· required to assure safe condit.10.ns •.. 

dPrev~nts the addition of NaOH or .KOH via.-.nozzle 67. 

eRange or setting to. be determined prior to PUREX "hot" startup •. •, 
f . , . . , 

·._- Right tube bundle~ 
gleft tube· bundle. 

1.·:·.·.·•.··_ 
' . , . ' . 

,· , 

. 6-192 . 



}ynibol ,. 
AHi' 
AN 
B 
C 
co 
CVT 
D 
E 
f 

en I I If -'° J 
:w KK ' L 

M 
HK 
p 
Pe 

~~ 
Q 
R 
s 
SG 
SPK 
SP 
T 
V 
VIB 
lrl 
WF 
X 
K 
z 

TABLE.6-28. Instrumentation ~ymbol Legend. 

lnstrU111ent1tton l)'WIOI legend . 

·lnstl'Ulllent1tlon 
P.-oceH vart1ble function 2nd. 

ht letter and lrd letter! 
Ampere .Al1ra 

· Aaipl I f11r 
Analyzer . 

Batch 
Conductivity Controller 
Corrosion 
Converter 
DI ffer11ntl11 
Electrtc Eleeient 
Flow. 

Indicator 
Interface 
Jet 
fire-Eye 

. Liquid 
Manual 

Level 
Meter 

Microphone 
Pressure Pressure 

Pushbutton 
Acidity 
Pulser . 

Integrator 
Radiation Recorder 

• Speed-selector Switch 
Specific gravtty 
Speaker 

Setpotnt 
Te111pereture Tr1ns11I tter 
Valve Valve 
lltbratlon 
Wobble 
Weight factor 

Relay 
Reversing 

Pneumatic relay 

ASP 

at 
oov 

. CIIH 
LS 
HCC 
PO\/ 
IPRV 
RO 
SRI/ 
SNC 
TRV 

Ltn, de1tg111tton1 

E - Vent 
P • ProCIH 

A • Agttttor 
£ • Helter, condenaer, or concentir1&or 

HW - .halner11t1ed 1111ter f • FIiter 
AW - R•w water · · 8 - Centrtfutti 
SP&. - S111pler 
S - Stea11 

H • Helter 

UD - Utlllty drain · 
XY - ln1tr1111ent Electrtcal 
X · - Electrtc1I 

JGV • Jet g1ng v1Jv1 
PG • Pul11 generator 
PH - Puh1 •tor .· p ,; ,.., ' 

YA - lilstr1111ent 
----- Proceu ind Servtc19 Une 

· SPLP • Suipler pot· 
TIC • link · · ·. · 

----•Hain process streu 
J: II II Instrument atr 11MB 
------ Capl111ry tubtnu 

KKK X K Electrtc1I leads 

- Au'tOG1111ttc setpoint 
· adJustaent 
- Dhpllce111&nt •ter 
- Di11phra9111-oper1tecl v1lv1 
• count rite meter · 

· - lt• lt switch 
- Motor control center 

· - Ptaton-operated valve 
· - Preuure-reducflng valve 
- Restricting orifice 
- Safety reltef v11v1· 
- Sctntill1tlon counter· 
- Te• per1ture0 regu11ttng 

. ·. valve 

i - Tower (col1a1t 

Ntscen1neou1 · 

g m- JO ·1b/in.2t 1tr P41rge 
D rotl•eter · · e • Panel aounted. 

Q -Loc1_l ~nted 

@) ~ S@m~ pot 

@- Hlgnatlc fl..;_ 11111te_r ~ Strainer 

· @ - 25 lb/In. 2g stean purge e·_ Hud~ar 11fet1 i,.nel •. 
· aounted .... 

@ - 20 lb/tn. 2g tn&trU11ent 
atr · 

~ - !Jlaplm1gill-oper1t~ 
. . Vl'lvO · ' 

'j) •l" 7'' 
,ti ..... 
- '• . ;..,:. 
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. . 6~5.J.2.1 Purge-Type Instrtinientation •. Based on nuclear fuels, repro-. 
c:essing experience,. a1r-purged d1p tubes used to ,measure pressure or DP are 

"·simple, reasonably.accurate, and reliable. Purge;..type systems are u~ed. to 
measure W~, wl'iich converts to liquid leyel with application of a .. SG value, 

.··also.determined by .purge-:type •instrumentation. • \ . . ,_ - .. . . - ' ,, ' 

: . · .. Other applications include DP, across extraction column sections· or 
> interf'ace determination by' DP across the disengaging area of a .two-phase 
·· ~ystem·~---

-' . ': ' Orifice meter DP and flow determi nqtion·-'also requi.re' DP meas!,irernerits, ,'. 
· · -altho~gh·the sensing lines may not be_:.air-pur:ged. ·· 

' : _: ::on the cbntrol s·ide .·of a system~ such as regulating flows of solution:' 
or ·gas; pneumatic pressure is generally used~· The pressure may be on, off,: 
or v'ari~ble for "Variable flow;··• Typical applications are· to- posjtion· DOV, · · 
piston-operated valves (POV}, and.piston-operated dampers.in ttie ventila-

. ·i:ion systems.,. · · · · · 

.·• . . ,The extent oLpneumatic instrument and control applications 'is ir,idi-
·, 'cated by the· 150 mi ._of instrument tubing•in· the buildi.ng~ .The generic con

trol systems .in Sect:ion. 6~:5~1.3 .illustrate: several ·examples~ A,.priinary 
design -concern i_s '.precluding· reverse ,flow of.· radioactivity. into the. sens

.Ang .lines, ,particularly si.nce most of the purge. meters ·are located in .. th.e 
controlrocms •. This .is a'ccomplished-by mainta.ining a ·higher:(relative·,to · 
process· conditions) pressure to· the.purge.meter and .a constant 'displace- .. 

-: ment flow .. through: the :sensj n·g ·1; ne (see Section 6. 1.4. 1.3.). · · · 

. ,6.·s~l.2.2 -Float-TyPe Interface Sensors.· The 111ajority of pulse. 
·ccilunns. use.afloat to locate the position of the :two-:phase interface in· 

.. the respecti,ve co_lumn dis~ngaging section. An interface float is. a . 

. ··cylinder about 2. in. in diameter and 5 to 12· in. long. The float is :_. 
, .. weighted so as .·to Hjust float'' on typical column· aqueous and "just sink" 

. ·in typical colunn organic, thus floatfog at the organic-aqueous· · 
·.interface. An annature is connected.to the float and tra·vels in.a- .... 
'stainless steel sleeve surrounded by a, transmitter co.i 1. <-The receiver and 
.transmitter·coils are interconnected with.precision range resistorsto··· 
·t:onn two parallel circuits. · The result· is: an .impedance bridge capable of 

. -. detecting small changes in posit.i9ri of· the float transmitter annature. · 
_When the :transmitter and receiver armatures are· in corresporidi ng ·-pas itions .. 
in the :coHs, ·the ·impedance in -each of the two circuits is about equal and 

"·no· current flows·.-. However, as soon-.as,·t~e transmitter armature moves in, .. 
. response to ·a-change· in the interface level, ·the •impedance of.the •. · 
· .. transmitter cons changes, causing a sm.al l flow of ·curren.t. · The 

electronic amplifier detects the magnjtude and phase relationship. of this 
·.··_ .. current, .amplifies it, and uses: it. to bring the· impedance ·bridge back into 

·. balance .. The recording pen, indicating pointer,· and controller are· · · · 
actuated by the receiver. The• controller wi·ll signaJ a -flow control valve 
to change the plug.position in order to restore.the interface position •. 
The device is ~orrmonly used and detailed descriptions are. · · 
available.(7.-,BJ An interface control·system that-uses·a float sensor is 

· .. described in -Section 6.5~ L3.2. and illustrated in ·-Figure. 6-:48. 

· 6~194:. 
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: · _ .- -_ 6.5.l_.~.3 Temperatu.re ·senso.rs-. -. There -art(three types::_of temperature 
--. measuring sensors ·used . in the· PUREX Plant: resistance thermometers, mer-

cury thermometers, and ·thermocouples; ·descriptions• fol low.· · 
. : . . . . . : 

e -Reslstance Thermometers 

' .'Resist~nce elements ~-re used for temperature meas'urements" iri~-hot- .. 
:zones .,and in cold applications in _which :a record is _needed. - _ ,. 

-- Resistance elements make use of- the variation with temperature in 
.· the_ electrical resistance of a coj Lof-n.ickel or platinum wire,. _ 

\· ·comprislng the·resistance element,,which,is·wound:onan insufator · 
and e'r1c·ased by a_ thin; protective,· stainless steel tube.'· For · · 
canyon applications, this sensing. element •is installed· in·. a 

-'-stainless-steel we·ll-fabricated of. l/2'.'"in~ pipe·mountedin·a __ 
jumper :assembly. When automatic-temperature.control is desired, 

.-the resistance __ element is connected :electrically .to an· . . ... · 
electric-to-pneumatic converter. The· converter sends an ·a-ir 

· signal: to a steam-flow ~ecorder-control ler or directly_ t<> a DOV 
i_n a -coql_ tng water. l_i ne. - - · · · 
. '.• ', . . . ' 

· -- . • Mercury Thermometers -

Mercury thermometers wfth •dial .indicators are used fa; tempera·fore · -_.. _,. _· ,-_-, 
.· measurements on -"coldH process streams and '-Vessels in w~ich no . _ . 

.. record is· required. __ -_ Mercury-f i 11 ed cap_; 11 ary _tubing ·thermometers·.· 
··•-Jun ct ion on ·-the exp.ans ion of -mercury and the -coefficient · of · · __ _ 

,expansion of the confining system •. The sensing well •is _connected 
.by-a···small-diameter, flexible, armored, stainless steel capillary· 
.to a··sourdon-tube pressure. _gauge calibrated_ for temperature·· · 

.. readings •. A.11 1 i nkages. are __ of _stainless steel. · 

·•·Thermocouples 

Thermocouples generate electrical potentials that are proper-_ · · · 1- _-
_- - tional to the difference between the temperature at the hot junc-

_-tions _,in_ t_he temperature probes, and'the temperatures·at the cold-· 
· or reference junctions where thermocouple material wires. are· 
connected to copper wires. 

T.he .. electrical signals from both thermocouples and resistance-type 
·_.- instruments can be .conver_ted to pneumatic signals when .necessary. 
- This ~onversion requi i:-es a whea~st~ne bri~qe :as part of the compo-. 
nent interface. • Detailed descr1pt1ons. ex1st.(7,l7J Examples -_ : . 
·are .pre_sented in Section 6.5.1.3. · ' · · 

6.S. l .2A. Flow Measurement. There are several_ types of flow meter- · 
ing devices in ·use at PUREX. These are selected for- specific applications 

.. by consideration- of the material to be measured and the range of flow rates _ 
·expected._ 
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· • Or1f ice Meters 

. . . 

. ·.· so:.Hs-SAR-oo 1 • • 
.. . . RE'r··3:I 

Orifice:meters.are used.tomonitorthe.fiow·of·steam, air; and:--•· 
·. ::·water services.- Orifice meter:s operate on the· principle of ·a • 

constant area. flow restriction· with vadable head pressure drop 
across the restrictionc A .DP transmitter, connected to the ori
fice pressure taps,: co_nverts· the DP across the orifice plate due · 

. ··.to fluid.flow,to an air p:ressure signal propor.tfonal' to the.fluid; . 
. ·.- -. · flqw.: .·The air•pressure:.signal:ts transmitted•.·to either a·:pres- •. . 

.· : . , . sure gatJge,: an indicator-controller·, an: indic,ator-integrator, ·or:,•· 
< '· .. ·. a recorder..:controllerJocated ontthe,,'cgraplHc· ·p,anel~ · .. _.· ,- · ... : "' . · 

. . . . ' ' , ' ' ;. "-. ·. - . ' ' . . . ' . . ' . 

•, P~eumatic Rotameters . _, 

. A pneumat,ic, .transmit:ting rotainet~r is: used. to ·measure .th~ ,fl_ow ·. 
.-• rate of cold .process s.tr·earos when,the maximum flow·. rate is> · · 
greater than 0.2 gal/min. The,instrument c·an·be located in the 

.>P&O gallery.· As the-rotameterf,loat responds to .variations tn 
flow 11 it moves. in a cast. armature. that contains two magnets~ 

. These .magnets actuate two external magnets, which :mechani.cally 
.. oper'ate a pneumatic transmitter to ,give, an ai~' signal pr,opor-: · 
·tionalto.f.loat position~·· · ·· · · · · · 

,·. C, Electronic .Rotameters :,_, 

... The. speciaHy·designed, all· stainless steel. rotarneter:: is used. to 
measure thei fl.ow of mariy radioactive streams within the _PUREX 
canyon and· samp·le · gallery. ·. The ·stream be.ing.measured· passes· up-· ·. 
ward through· a vertical,· truncated; ·conical, .metering tube·w.i.th · 

.. · .. the.maximum.•diameter at.the top. ·The·position of the float. 
'·: . inside the tubes is •altered by. changes in the•flow rate of the: 

, ·stream.:, .An ·annature:,. consisting.' of a v,ertical· stainless .•Steel. , , . 
. tube, .the· lower half .df whlch is filled with a soft. iron core, is·, 

· · attached to. the_ bottom of the, float. As· the: flow rate: increases, ·: 
the float and armature rise, generati'ng a signal in the induc-
tance. coil. · · .. , · .: · · 

: A>transmitter, consisting: of two··induc,tance coiJs around a stain-,_. 
, less steeL flow·.pipe, is attache9 •to the bottom'•of the metering -
. -tube •. Movemen·t of · the_ soft· iron. core. of., the ·armature changes the . 
. foductance .of ttie'\wo coiJ~ •.. ·.:These·. changes. are transmitted as _an 
electrical s.ignal proportional• to.·the flow rate~ _·The changes· are 

·-·transmitted ·to•. an eledric ... to:..pneumatic. converter located· in .the 
. · ·. •. :central ·control 'room~ 'Jhe converter changes the electrical out-• 

put of 'the· rotameter to a proportional ai.r s.ignalc., whtch. ·is . 
· transmitted· to a recordericontroller '.located, o;n the graphic . 
_panel ',in the control· roorit, •. • The. recorder-controller sends an air 
.signalto' a DOV, usually:installed in the same process,li.ne as 

. .. the r.otameter. _The, air signal p-ositions the valve plug to · 
.· . produce the des.; red' flow. rate .• · . . . 

'. 
,-



·· :• ·Magnetic Flow Meter 

SD-HS-SAR-001 
. ~EV 3 .' .- .• · 

. The ~agnetic ,flow-meter is used extensively.in. the PUREX. Pl.ant. 
-Its principle of operation is based on the electrical conductiv
ity of the 1 i quid stream be·i ng metered; As the cotiducti ve ·· 

· stream passes through the nia_gnetic f-ield established withtn the 
·.·flow meter tube~ it responds ·like· a.conductor in ·an electrical· 

generator (i.e., voltage is created in the f-luid stream 
perpendicular to~t~e flow direction)~ The vbltage ;~·reversed . '. 
through two pre>perly plac:ed metal electrodes on the inner wall. 

·. of the flow meter. :The. rest of the inner wall is an- electrical 
i.nsulato.r •. ·:_The greater the flow: rate is, the higher. will be the 
generated voltage. · The magnetic flow meter has. a number -of .·. · 

: advantages: no flow, restrictions in the meter, linearflow 
--~---
' ·,a. ·, .< -,~. 

'~:~ 

, , : measurement, easy range change, arid wide· 'range capab.i lity for .a 
··volumeflowmeter (liquid density does·not.affect measurement).• 
. Magnetic flow meters are being used more widely in the PUREX ',,/, 

·Q"'.",,, ,_,' N. 
!, --~~

-~. 

: . Plant, parti'cularly .in process locations where rotameter-fJoat 
plugging has bee~. a. problem. 

.. •·.: Thermal Flow- Meters. 

· In a few cases in· which very small flows are to be ·.monitored, . 
····.thermal flow meters are· in service. : These meters measure. the·· 
'·temperature of the. incom,ng stream, add heat to the fluid· at .a . 

-·con·stant rate~ _and measure the· temperature of· the exit stream. : ·,. 
· Flow rate is sensed.as the>temperature differential between the 
·· inlet and. outJet stream.·· This electron_ic signal is converted to 

··.:a ,pneumatic signal~- which· is· u~ed to both operate control .valves: 
· ·· and drive the pen· on a flow rate chart recorder. 

. 6~5.1.2.5 .Radiation Sensors.: The pr.esen~e of radioactivity.in the 
:process.streams requires that-essentially all operations be conducted in· .. 

: •;heavi.ly_ shielded areas. Monitoring process conditions _depend to a large 
·degree ·upon char~cterization of the types ·and energies of radiation· 

.. 'emitted .by the process materials. These emissions may be gamma, alpha, or 
. neutron radiations. · · · · · 

•'· Garmia Scintillation Counters 
. . ' . 

<•:sc:~ntillation counters are used as in,;.line monitoring inst'ru~ . 
ments* for gamma activity:· A stream sampling system jncorpor-

.. ates ·a sample eel l positioned near a sodium iodide crystal. : The 
.-gamma rays from the sample interact with the sodium iodide crys~ · 
tal to produce light scintillations~ These~ .in turn, initiate 
e.lectrical pulses. from a· photoelectric tube. The pulses are · 
amplified to give a reading propo.rtional to the"energy of the 

· .· gamma rays being detected. · The _monitoring system measures. the 
counting rate per unit volume. of ·solution. In-line gamma moni-·' 
tors are of value in determining product quality in solvent 
extraction cycles. · Gamma monitor systems are also used in. 

· determining. stack gas ·activity and plutonium content of solid 
waste. Applications·:are discussed in Section 6.5.1.4.4. 
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•.·Ionization Chambers 

·SD-HS-SAR..:001 
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·,·_Radiation instruments-,· ~sing i~nizat'ion chambers~ are used fat · 
'supplementary, approximate measurements of decontami na,tion · of 

· . .-the plutoniumand/or- uranium-contain1ng streams". Radiation. 
instruments prov.ide an .indicat.ion of the intensity of garrma• 

· .. radiation near selected equipment pieces. Ionization _cha(flbers· 
.. are employed on ,the· d'issolvers/>ilranium concentrators, atia · . 
. concentrators, waste ·neutra•lizer, p.Tutonit.im product receiVer, · 

···. p lutpn_tum · sampler :tan~s:, and· ·t~e: centrifu.ges., Garrma r,adiation . 
from'•sources .within range.9~the_>instrurri~nt:' enters an···.·ai_l'.'~ftll~d,.- \ 
chamber,. causing ionization of the- air.· The measured·.conductiv- ·. 

·• .· .;_; ity is proporti anal' to the gamma energy. absorbed by- the air:· - · 
· .The:ct:iamber is a 5-fri.'."diameter, 18 3/4-in. long plast.ic cyl-

-__ ·.• inder. • Beta part\t-les do no(;penetratt;! the plastic,,<an.d: no·:. - .··-.·.· 

.:·~·- ... •· 

· "windows~f for beta entry arej>rovided,~: $·a. that, onli ganma>rad•ia-< 
·tfon is sensed.: An aquadag'(graphite susp'ension) coating on.the'

. • _ ·-inside .of ·the cylinder wa 11 :; s, the. pas iti ve >e lect'rode •. The -· 
· neg·attve el.ectr,ode is: a· 1/2'."i_ri.C·a;luminum-·rod axial'. · _:~·-··· 

=,;,;~~--

···~~" 
1· •. ; 

.· Th'ere are ab'out ,50 ioni z~tion;, i:ham_bers iocated in sfrate"gjc ;· 
.. building sites that ·are .fr'equently or ·occasionally· entered· by 

personnel •. rn·this applicatiM,.they·are designated 11 RE ··_:: .. 
·. chambers": or 11 HM chambers. II: The ·cham_bers are- read o_ut through.· . 

... . .'Keithley pico-ammet~rs.- · The systems ·are equ,ipped with alarms to 
. ·. ·:.. warn. personnel of pr9blem; areas •. Most of the Keithley: racks are · 

· · · located iri. the· P&O: gallery~ ·and mo.st of the recorders are in the· . 
. dispatcher 1 s .o_ffice. ··. Associated: with, but different frCim, the, .. 
, RE chambers. are thr·ee pico~ammeter5. The -~ha(Tlbers for these ._· 
· units. are, located· in Qr cell, · N ,eel l ;, and the>PR'.. room. ·Recorders 
, Jar' these '.are >ii,ri .the· dispatcher 1 s Office. - The, chambers are. : 

loc_ated in areas whe.re criticality potentiafex:ists;·'and_ are:.·· 
c:apable of autcimattcally'.:rf:!ccfrding radiation levels from 0.001,. 
to '-l,000 R/h, should such an excursion ,ever be encountered .•. · 

:- ' : . ". . , . . , '. . . . . .' , . . 

•. A'lpha Monitors . .• 

. ·, The, alpha. detectfop ~yst~m donsists of 'a ·ce'i··hilil-activated, ·l'-mi;l 
·'surface dn a l/4:.;.J,1_.-th1cK~ glass 'di,sc. '.The;proc·ess ,stream 'is . 
· in, d;.ire~t contact wit ti th~. act-i.vated._ surface~. ·and· l photomultt:.. 
. plier tube optical'.ly coupJed·::to: the backside of .the disc s_enses· 

'. ·_ i~tinti_llations fronl:the ,activated s,urface/ :. Th
0

i s·- sys~elil. provides , 
a, measurement '.range of- about . l •?<· )0-4, Pi.i, g/L·· to .30 .g/L.· App li- · 

.. cations are d,iscussed iri Section 6.5.1.4.4. . . 

. . . 

*rn:..l~ne monitors are.detectors or sensing .probes placed in or .. adja-
. cent to a process ::;tream that. measure _a ,chemical ·or radiochemical property 

of the ·strea·m~ Detailed descriptions of the i n,-1 i ne monitors ·used. i fl the. · 
pµREX'P,lant are,: presen'ted,-ih ":R~ference•.1..:.···.' 

• ' • )_;.,: I, 

: :: ., ., .. 
·,. , '. 
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· •, Neutron··Moriitors 

Plutonium concentrations of ce~tai n streQmS are measured by 
neutrori mon.itors located. on the outside of a vessel or pipe- . 

· line. The ,.detect'ion system consists of one or: two b9ron _ 
·•· trifluor.ide-filled tubes mounted .in a paraffin moderator •. The . 

. range of measurement f.or: this sYstem · is about ·l ·x T0-:-2 Pu : .. g/L. 
·· ·• to 10 g/L.· . . 

·· .Another use ·of.:.the-.n~utron· monit.or is measurement of the· ,con ... · . 
centration of cadmium nitrate in :the head tank. ·. A neutron 

• source atid a boron trifluoride tuhe·>are installed at the bottom'. 
<of ·the 'tank. As the ca·dm:ium c.bnceritration· ine:reases,.,more . . . 

. _. : neutrons are absorbed ·and fewer a·re· detected- by theborori .. ·.··•· · -·- :·,~"°.. ·" ·trifluoride tube._' This Count., -therefore,· relates ·,nversely_to·· 
~:, .. cadmium concentratfon •. App:l,ications .are discussed .in.· 

::~;/:" Section 6.5.1.4.5~ -_ · .. · · 

~;' 6.5.l.3 PrOcess Control systems.· • 

-'""' - . : · ..• 6.5.1.3. l T~ical ·pr·ocess Tank. Fig'ure· 6-49 is a diagram showing. : 
)_S~~·_·:... the measurement and ·control systems for ·a typica.l process tank •. Basic ·. 

·parameters· of concern.·are .temperature, :solution liquid ·leyel, SG·, and. . 
. radiation •.. The example. chosen ·:has .~n ;.assoc'iated· neutron monitor, which ·.is 
typ·kal for s_elected process. vessels.. Neutron. monitors- are discussed· i.n ·· 

, more detail .in Sect-ion 6. 5. l.4. · , 

•. '' ·. · . The te~pe~ature-~;-SG/and :r.adiati'on (neutron}_ a~e··:r~co~ded. : The. 
·· .-.·· , ··\,- weight of,the· solution .. is measured. as a ·WF '(Section ·6~5. l.2. l) and 

·· _: recorded along with the SG of the soluti.on. These data can be. used to•-: 
··,.cal cu late . the. liquid ·'level~.·. High. arid·· low· WF .. alarm· pojnts.·. are set,· with .. · 

t_he·alarm consisting ofµ panel- light a~d annun·ciator. _ . 

. The vessel is eq~ipped with<a pum~ _·and' agitator.· The current' .drawn 
-.: by the respective. electric motor is indicated on -a panel-mounted ,ammeter •. · 

•: Solution Tempe~ature Control. , , .,· : 
•' : '·' ., . . 

··. This :particular vessel requires.heating·, as well, as cooling,- -
.capability. Consequently, solution .temperature is manually_. 
,controlled' by the·operatof/ who·, .upon visually noting .'the .. 

, recorded temperature, selects either steam or.cooling·water •. · 
Actuation_ of a valve from the control room places cooling water 

. cm the coil.· Use of coil- steam requires manual valve operation 
, in the P&O gallery •. To precllidtf-a.suck-back resulting from _ 

:steam collapse in the coil ·if it should leak, an automatic air 
purge of.the toil,following the use of steam is,performed~- An 

. · interlock actuates a timed air- purge whe·never th!=! steam is shut 
off. _, 
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: ' •. Solutia~ Pumping and Agitation 

BQth: the pump and· agitator a"re electrically .interlocked to .·the . 
low-level WF alarm, so that each··is shut off ·when- the :liquid .. 

. falls- below the preselected level. . Ag.itators can only.be oper-
)1.tecl when .the bottom-.blade is sub.merged6 in. :or more.to'protect . 

. ;the agitator and to reduce organic aerosol formation where: sol vent . 
· . .":,may .be present.· The pump low-JeveLcutoff. is• set to preclude pump··· 

cavitation that ·would shorten .its operating life~ . . . . . . 

:e •· Solution Jet :Transfer. 
. . 

Bulk. soluti_on __ transfers between vesseis, .· in which flow~r-ate . 
. c.tmtrol is not important; ·are. usually accomplished bi steamcjet 

.· ... •to avoid excessive wear on the much more expensive pumps. . 
. A typical.electric switch-type jet operatingand control-schematic 
is shown in Figure 6-50. I~portant features are the electric 
valves,. which, ·when .actuated, position ·the DOV, and the ·• · 

. ·automati c-t'imed air purges·~ .whic~ are actuated, when the jet; ·' . . 
.· switch· is turn·ed •.ofr. :_The. air-purge· duration is established for·. 
: the volume of· the .process piping to pe· air purged.· A typical . · 
control and operating schematic for a pneumatic jet: switch is 
also shown··irrFigure 6-50. ·rnsome.'instances,-a.valve maybe· 

·• interposed in _the pneumatic. signal line'.·to :the .st.earn control. DQV . to permit varying the steam pressure . . . 
·.· .and f.low .at the panel ·board~ 

· Acfuati~n ot' the switch puts steam to the jet. and pressurizes a 
<.small air reservoir •. · When the jet is shut off,· the air ·reser
.. voirmaintains a loading Pressure on the.air supply DOV, which 
·· .. allows an air. purge of the •jet and process.-piping._ The air · 
· · bleed~off rate from the reservoir is controlled by an orifice •. 

. _ By alterin·g the size of the· reservoir ·or of· ~he orifice, the · 
·-•_.air:..purge-duration may be.changed~ · 

. ··. · ·_. _.6. 5."l .3~2 ·r~ical Pulse Column.' A. typical PUREX ~A 11 -type column with. 
control :instrumenat1on is shown in Figure 6-51. Primary.instrument· 
contr.ol parameters are stream flow ·rates and pulser· rate~ .. Key system 

· · measu·rements. are -interface location,. ·organic· SG, columr1 section DP, and . 
• static pr,essure, in order of decreasing importance. · Certain columns have. 
·-instr_uments measuring product quality·and waste loss.·Specif.ic _radiati_on-·· 

. monitors, in-line ·and otherwise,··and certain one-of-a-kind continuous · 
analyzers.afe ~iscussed in Settion ij.5.1.4. 

•. 
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FROM 85 lb/in.Zy 
INSTRUMENT AIR HEADER 

' OOVIBLKIJ-I·I 
(NCI 

. PT 

J-H 

PNEUMATIC 

DOV(STMl-1-l·I 
(NCI --~a-!.__., .. _.,_· FROM 100 lb/in. 2g 

STEAM HEADER 

EV(STMIJ-J1 -2 
VENT 

OOV(STMIJ•J1 ·2 
(NCI 

HYBRID 
ELECTRIC-~NEUMATIC, 

OOV(AIRIJ·(·I FROM 100'1b/ln.2g __ .... _~---
(NCI STEAM HEADER 

•-'-- ..... ---4:'1-I - •--•---•t-FROM 100 lb/ln,2g 
AIR HEADER ·112 in. RO 

1 DOVCVENTIJ-C-I 
(NOi 

DOV(AIRIJ-Jl •2 
(NCI 

FROM U)O lb/ln.2g 
Alll HEADER 

DOVI\IENTI J-J, ·2 

·, 

FIIOM 811\ lb/!n.29 
INSTRUMENT AIR HEADER 

TO DOV J23-3 li!A 
J-11111, PORT •c• 
(SEE

0

N~TEI 

JOI0-142-S 

TO JET / • --lllr.af--+-,+-..... _._.,..,_ ____ TO JET VENT HEADER 
(NOi _ ............ 1-..1. .... .k-.a.i111111-... --1M ... -4~ TO JET J-J1-2 

_VIAJ-Gl711i 
·To JET VENT 
HEADER 

LINE NUMBER ANO. 
SIZE TYPICAL JET GANO VALVE (JOVI.ASSEMBLY 

l·I SAME EP NO·. Ail JET 
NOTE: WHEN JET J-J1·2 IS 'l'OJ IIE USED, THE AIR LINE 

TO DOV J23-3 MU&V !IE VAi.ViED OFF AT THE 
P&O GALLERY WALL 

'J308-142·3 

.__ ... .., TO JET J-J23·1 
VIAJll125 

JE'r°GANG VALVE IJGVI AHEMIIILY 
!J1-2 I! JC-..123!·11 . . IIICll'7909-72 

FIGURE 6-50. Deta11 of Jet Assembly. 
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Streams into a column are generally pumped or flow by gravity (either. 
fran head tanks, in the case of cold chemicals,· or from hydraulic or cas-

- ·. cade arrangement, where.a stream exiting.the top of one column feeds into 
a second column}. Exiting streams either flow to the.next process vessel 

• by gravity or are jetted using- a variable flow steam-mo_tivated jet. The 
aqueous bot_toms stream .flow rate is controlled by the interface measure:. 

· ment system, which in turn>feeds back to·adjust the position of the DOV.in 
the aqueous stream. line. - Flow-meters. were. discussed in Section 6c5c L2.4.· 

-Interface measurement de.vices .... may. be either· purged dip .tube or float.· 
· type· (Section 6~5.1.2).·· These are loCated in a:.dfsengaging sectton of the· 

columns. (see::Table 6-15); the readings are no:t,greatly affected·bythe1 

·.action of the pulsers~ ,. · · · · · · 

$~·: : Pulsing action has -more of an effect on column static and DP readi,ngs ... 
. Q .. · .. The cyclic action from column pulsing·can:be·effec:tively damped out; how
-~<-· ever~ the absolute reading· is also affected by pulse frequency •. · Still,. . 
~ ' these instruments· do indicate .trends .. and provide a qualitative indication · 
~'. .. · of the degree of dispersed phase·holdup,· and, in.conjunction with the sol-
,~':· vent SG measured in the,top disengaging section; also give some.indication 
-~-... of the degree of solvent saturation."- This is primarily true ·for columns· 

containing uranium. · · · 

· -6~5. l.3.3 Typical Concentrator.: Typical control sy .. stems for a PUREX 
thennal syphon reboiler with._an organic stripping tower are shown in Fig-.· 
ure 6-52· •. Although -the pluton-ium stripper and concentrator differ in .. · 

· equipment·size _and configuration, basic process control instrumentation 
and parameters measured remain the same~ .. . 

. · · Concentrator_ bottoms ·sb-1 ut ion level is measured. by .a stand"ard .. purge:. 
· ··, ·. _ type·wF •. Redundant measurements are made:_ the total liquid .level· and an· 

· - intennediate measurement.· .. Temperature- and ·SG instrumentation is similar 
to, those· previously discussed •. ·: 

,_,'. 

• .Steam Pressure Contra l _ 

The stea~ .. supply· t~ each. tube bundle· is controlled within a spec-_ 
ific pressure· range ( see Tab l~ 6-27); The lower pressure limit 
is set to preclude. radioactive liquid being drawn into the steam· 

· ·chest via a·· 1eak, and ·the upper limit is set tq prevent .possi-bJe . 
.. red oil 'deto_na'tiori. -·· .when the chest pressure drops below the· 
· ... reset limit,. ari electrical_ interlock is actuated which closes 

the steam supply. valve and opens an air supply valve, .. ·_ 
pressurizing the tube bLlndle with air. Another•interlock 
produces the same result· if the high steam pressure limit is . 

. exceeded-. Th.is latter interlock ·;s redundant to the pressure .. 
throttling valve, which ls·p~eset-so-that the steam pressure to 
the tube bundle" i:f always less than the limit, and is redundant · 
to tlie steam supply pressurevent valve; which is also preset to 
l'blow11 

.. i_f the pressure_ exceeds the limit • 
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. • Li quid Level Control 

Both high' an:ci ·low liquid ::lev~:ls i:n ::t~e Gonc~ritrator act~at~ ·, 
-respective· alarms.· . The l_ow-lev,el alarm actuates· an. interlock; 
shutting off the steam supply to both tube.bundles and turns on 
the .air supply .to maintain tube bundle pressure., The high ·liq
uid level alarm:alerts ,the operator to.·the possibility of th¢ 
solution reaching the ·offgas;deentraining baffles and, hence~· 

·· .decreas 1 ng deentratnmen:t eff ect.heness •·. · · · 

· .-,·_. e: · H-igh-Temperature'A lanri>t 

The temperature. measu'.rem~nt and:.: steam' control· sys·tems 0i are·: 'tnter-' ... · 
locked so .that at a preset, high;..temperature lim.it an alarm: is 
actuated, the steam :supp,ly to the-tube bundles is shut off, and 

·~·-,·· .···.~.('' 

.· .the tube bundles are pressurized with air.·.· . · 
' • • < .', :•:• • T • 

• Specific Gravity· .. 
_··•:- .. ~.'~; 

·~[~-·- The, concentrator ,S ins.tru~nted to permit automatic steam con-· 

,':,~ ::: 
. trol bi the SG controller· output' signal~ :Th·e .. SG controller· may ·_ 
be operatea in either._,the automatic or .manual mode. · - · · . ·_ 

6.5. l.3.4 T ical. Dissolver -Control System. (T pical of Three . ., The · 
basic d1ssolver opera ing .parame ers, so u 10n.- empera ure, 1quJ _level 

· and dens_ity, and vapol'.' space '.pressure (slightly negat1ve) ··are all meas-. 
·:_::u·red,.retarded; and have associated :"alarms. -Alarms -are panel-mounted · 

· - .. r· .. lights· with associated annunci.ation. Alarm>levels are estab.lished by engi
·. · ... neering review and require formal documentation for setpoint changes •. 

, ~ •" ' ,~;:;:, •• • • • ' • • • • •. _, '• ,, ' ' • •' ' •;' • :, _,,L • ' .. ' ; " • '. < • ' ; • • • < ~, : , • • • < • • •' • 

·· :/ The'steamflow·contral sys~em for the dfssalver :Coi-1 -is.similar.to 
'\t that-. discussed for concentrators •. -·, .-When ·-·act.i vated·, · the low.;.coil:-pressur~ •·· 
· .• ·interJack shuts off.the:steam-flow.and.turns1 on·.th·e coil·a.fr:supply. ,'. .. 

. ·.. ' - . ·, . ' ', . . . 

. The di ssa 1 ver, programmer_ ls a protecfi.ve,. managenient:-controJ led,··· 
interlocking, key-actuated switch system that restricts tran·sfers ,and 
additions of materials to, the dissolver system. , . · , 

The six .. locking ',pos iti,~ns, of the.· switch,' ·and a ii st of, the 
12 contacts. that .will .. be, actuated ,by each swjtch position; .are li'sted in 
Table 6-29. , '• . , . . 

- '·• 

. . The first position is f6r dissol v·ing-of zir~onium cladding. In the· 
first position, contacts 1 and 10 will. be. activated •. Contact 1 allows· the 

, ·: additi_on of AFAN to the di ssal ver •.. ' Contact lO ·allows the jetting of 
:dee ladding s.alutfon from the: .di'ssol ver ,to .TK-02. · 

•, . ,•,.-, . ', ' - , ' , ' . 
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1·· . 

. >·JASLE,6-29 •. · Programmer: SwJtch :PositiQn _and Contacts Acti~at~d-. · 

. Sequence · 
·· SS-C3-40. · ·-Programmer .. switch S_S-C-40 sect'ion · 1------..-----,--------~----

·zr declad· 

·.· ··· Metathesis 
.... 

· :. :· .iLJ di ~'s'o lut ion. 
• .of·.zr•c:fad •.... 

Al .,dec lad . 

:_p' osit_._io_ n. • . . . .. l ·· 2 · 3 4 ·. 5 , 6 .· 7 · 8 ... · 9 . . 10 11 . . · 12 

l , 

2 

. 3 ·.·. 

..-4 

·5 

. 6" .· 

·* .. · .. 

. * . ' 

... 

* 
*· *' 

. '* '* · . 
-, '·· .. 

·* . * .. * ·. 

"It1.dicates secfiQn contact closed.· 

•. ·_·it.~_:,•.··. . . .. The second positidn of the programmer is for metathesis, and contacts 
··= r':6·,. 7, 8; and 10 wi.11 b_e activated:· Contact 6 allows -the addition of· p·otas

·Sium :hydroxide to·the -dissolver. Contact 7 allows the activation\of the· · 
. ~· jet for transferring the dissolver:solu_tion to TK-D1. 'Contact :a ailows the 'ii'.' 

•·._. ·.activation of :jet J-0J-2, wh.ich allows jetting .from .TK-Dl back to the dis-
. solver~· ContacL]0allows the'jett'ing-of the solution in.the·di.ssolver·to TK-D2. · . . . .. .. . . . . . . . .. . 

;: . · ··: The.th.ird position .. of the programmer· swi.tch is ,for uranium dissolu- •'F 
·· t ion of -zircon fom-c lad.fuel. The. contacts activated in this case are: 2., 

4~ and 9. :,Contact 2.:allows the addition of .ANN to the dissolver~·. Contact 
4 allows· the addition of HN03 ·.to the -dissolver.: system.• Contact.·9 allows·· · · 
the jetting of the solution ,n the dissolver to· the metal solution tank by,. 

· · _jet .J-C3-3 if the· SG is greater than or equal to l .4 or. if the WF. is:· less• 
· than or.equal to 19 in~ ;WG for the .solution.·. . ·· · · 

...... · , The fourth position of the programmer switch· is for aluminum decladd-
,i ng. ". The contacts activated- are 3, · 5, · and 10. .Contact· 3 al lows the · 

. ·>addition of sodium nitrate·to the dissolver system~ Contact 5 allows the· 
· ·, · iadditiqn. •of sodium. hydroxide.· Contact- lo allows the jetting of decladdfog · .· 

:~ ·-solution from the dissolver·to·tank.TK~o2 •. · · · · 

.. ·The.fifth active ·pcis it ion of .·the. '.progr.ammer ·was, and~ could_ be~· us~d ·-• · 
· ., ·. for uran iuiri. dissolution 6-f .al umi num-c lad ·fuel~···. In -th.is cas·e,<the: contacts . 

... activated•are·4.;,7, 8,-and 9·.: Con.tact 4.allows·addition.of nitric·acid tp 
.. _·. · the. di sso 1 ver system. ·. Ccmtact "T al]ows· ·the jetting df solution from dis~ · 
· -· . solver to ·.TK-Dl by jet :J-C3-·l ~ Contact 8 allows ·the jetting of solution · . 

. from :-tank TK-Dl to the dissolver system. ;Contact ,9 allows th~ jetti_ng of_· .. ·· 
·•dissolver ·solution to metal solution tank. by ·Jet.J-C3-3 •. · · · · · ·· 
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The final position (6) is the off posH:i"on of. ·~he s·witch. w.ith no con- . 
tacts activated. : ' \ > ~ ~ _ _..- .. :, _·: . . . 

·. The progranrner switch activates electri.cal contacts in· a wiring ¢ir~ .· 
cuit, controlling chemical addition- valves and jet transfer switches so·· . 

. that only the additions and transfers appropriate for the one particular·. 
dissolving step can be done.·· Administrative controls:require that the .. 
supervisor or specialist examine the run· sh_eet and _recording charts on the 

.. board. to be. sure that the next step. is -:ready to begin. before unlocking,; and. 
repos it ioni ng · the switch~ The di sso 1 ver operator sti 11 has to activate . . 

· the jet switch ·or chemical'. addition valve switch. (another e-lectrical ·con-.·· 
tact) at the .appropriate time- in the :disso-lving. cyc;le. Failure of the 

.· progr·amrner· (which has._ never, been a· problem) ·would. mean that the dissolver: .. 
< ·operator could not make an appropriate addition pr ·transfer (or could ·make 

·•··~; · .· ·an inappropriate addition or transf~r, but tt:te operator woulf not ·attempt 
. ,fi '. · .·. · it except by error) • . _. - .. · . .· · . - .· ... · : - .. ·. · . · . . · 
-~'.'' 
' 'it,· 

·. ·!:;_.. The programmer system has an important effect on criticality preven,;.,, 
,_lf.'>..J) · • .tion. The· occurrence of a criticality ·-requires that~ ( 1) the. di.ssol ution · 
·~~- RlJSt proceed too far; and (2} precipitating· agents such as fluoride and-
·;;;. hydroxide·must be introduced. The progra11111er system-prevents the second 
~>::.;;. (!rror from happening.· · · 

',., ' - This' programmer,: in conjunction' witti the proper procedural steps;, a.lso 
reduces the risk of accumulating plutonium in th~first decladding waste· 

·tank·.·. It also restri'cts the mixing of incompatible chemicals in the dis
solver. The-consequences of such an occurrence inc.lude precipitation, 

· possible line·plugging, excessive corrosion to the dissolvers, and/or dis~ 
persion of ,materials. within the .cell from an. overly. vigorous :chemical . 

· reaction·. ·· • · · - ·.· · ·•.: · - · · 

6.5.1.4 Process Monitors.· Monitors are installed· in key locations in the 
process to supp]ernent process sample laboratory analysese · The monitors 

· provide instantaneous· readout of· specific process• parameters, permitti rig 
· rapid process control response-during transient· conditions, such as start

ups and shutdowns, as well as rapid application .of-·corrective actions to 
abnormal conditions •. 

. Monitors; for the most part, are inst.alled at· the process. sampling 
statipns locatect: •in '-the sample gallery •. · A few man itors, such. as the neu'."' 
tron sensors~· are :installed :in ·the remote process cells. Most of the elec.-
tronic components (with·the:exception of the preamplifiers) for the ·moni
tors are located in the iri"'.'.'line monitor room, which is a contamination- . 
free, air-conditioneq room located.in. the· service portion of 202-A on the 

·. same le'vel • as the sample gallery. .The preamplifiers. are located as close . 
to the sensors as possible~ · · · · · · 

The output from the inonitors ·is printed on stripchart rec.orders in· 
the control room. High-level alarms, both audible and visual, are 
provided. · · · · 
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.• . Sensing ·heads and sample cells in contact with process solutions are . 
,_ fabricated of materials easily decontaminated. to preclude buildup of resi-: 
.,· dual background activity. Where necessary,· special,.electrical cables have 
•. been :installed to minimize interference with electrical signals. · • 

System monitoring_ is schematically shown . in figures 6-53 through .6-:55. · . 
. . ' . . . . 

.. _.·· 6 .• 5 •. 1.4.l·· Hydrofien and Ammonia Monitors._·.Hydrogen and arrmonia 
•:c.oncentrations ~in eac DOG: stream are monitored by Beckman Model 7C: 

·· Thermal· Conductivity Analyzers ·and Beckman Model 865 Non-Dispersive· 
· Jnffared Analyzers,. respectively. · Each analyzer is contained in an 

explos:ion-proofhousing.· These systems:a_re shown _in Figure6-56. · 

~- · · The:thermal·:condilct_ivity analyzer-uses an internal regulated.:po~er 

. 
~~,·<.. source to ,heat. sample and reference ,(nitrogen· gas} temperature-·sensitive 

.. c:l,. . resistive filaments· which are electrically connected as legs.of a · 
. · -~ Wheatstone bridge. The-bridge is balanced initially with.a stand~rd gas 
!!;· '· · sample~ Thereafter~ a signal_. is generated. arid recorded th~t is 
-~;: . proportional .·to the hydrogen content ·of ·the:·sample gas. (8) : • . 

. The inirared analyzer also· contains ·nitrogen gas as_. a reference· 
non~absorbi.ng· background gas. Infrared· beams are .passed through· both _the. 
reference cell and·the sample cell·~here the amount of radia-tionabsorbed. 

· . is proportional to .the ammonia .concentration. The detector -converts ·the 
·resulting ·energy difference between the cells to :a capacitance charge· .. 

. · :equivalent to the_ ·airunonia -con·cen.tration:that :is amplified, i~dicated on ·a 

. meter, ·and used to drive a motiitor. l 9) . . . ·. . . 
,· . . . -· 

I .. 

. Normal operation requires periodic calib~~tion .u~ing standard ·gas 
samples •. 

I. 

The analyzers are used. only during decladding and are shut off during ·. , .. 
'the other dissolver op·erations. · Should the hydrogen system remain 
·operating during acid dissolution; the corrosive oxides of nitrogen would 
eventually destroy the heated filaments in the analyzer cells. 

6.5.1.4.2 Nitric Acid Conductivity Monitors. Both electrodeless. 
: conductivity monitors and probe-type monitors are used to measure nitr.ic 
_acid concentrations of certain process streams.(27). The probe-type · 

· conductivity ·monitor is common technology. The electrodeless conductivity 
· -monitor tonsi sts of an electrically nonconducting pipe upon which two 
· toroidal transformers are-placed. One transformer is electrically charged, 
the other •is· a·receiver.- Process solution, containing electrolytes, flow
ing ,through the pipe forms part of _the coupling electrical circuit between. 
the two transformers. Variation in the electrolyte concentration causes.a 
variation in the induced voltage of the receiver transformer. The electri
cal output of. the receiver transformer, after appropriate amplification, 

, provides an electrical signal corresponding to the· solution conductivity. 

Conductivity monitor signals are recorded, with calibration being done 
from laboratory analysis of process samples. 

6~210 
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6.5.1.4.3 Photometric Monitors. A.photometer measures the uranium 
· concentration in the aqueous waste. stre·am (2DW) from ,the second uranium : 
-cycle extraction column.~ This, in conjunction· with p~riodic samp_ling of· 

, the process stream,' perm1ts close Gontrol of the uranrnm recyc.le to the · 
codecontamination and partitioning·cycle via the backcycle waste~ as well 
as close control of the. high uranium saturation in the extraction column. _ ·_ 
The photometer is calibrated to zero by using. a filter to give a light -

_ - wavelengt_h not absorbed by\the uranium present in the stream·. ••·· Monitor 
·range checks are made by routine-comparison with labt>ratory analysis of 

-· p_rocess solution. _ . . - . · . . . · _____ - ..• . - ._- · • 

~•,. 

Total solution· nitrite in:the: plutonium oxidation tank (:the 2AF or· 
TK-J5) is measured indirectly by measuring light absorption· attributable -
_to the nitrogen dioxide component Qf•air in eq1,Jilibrium with a solution - : 

· containing nitric. acid and __ sodium nitrite. · The· system is furth_er des.;--• · 
cribed in Reference 27 and illustrated -in Figure 6-57. Calibration is>: 

--~ 
-~-. . ,i; 

-c, 
. . """'-· ---.,~ 

.. i;",.,""'1! . 
·-:~~. ... ~~ 

----~-

· maintained by measurement of air and by c·omparing monitor results with . 
lal;>oratory sample analysis. -. : · · · · · 

' . . . . ' . 
. . ~ 

6.5~1~4.4 In..;line Radiation Monitors •. A typical in~line gamma and 
alpha monitor installation is ·shown in _Figures 6-58 and 6-59 (schematic 

:, __ and detail, respecti.vely). · G,anma_·monitors for process solution streams 
· are designed to measure relative 95·zr-Nb and 1,06Ru..:Rh concentrations. 
· in process streams and, ·hence, to -permtt· a semiquantitative assessment·_-of . 
FP decontamination throughout the process. The mon-itors are particularly 
critical for control during. trans.ient conditions such as startup or shut- · 

:down due to the time Jag as~ociated with. sampling and laboratory analyti-
cal war~-. A monitor consists -of a th all ium~acti vated, sodium iodide cry

•·_· ·_stal coupled. _to a photomultiplier,tu_be~ The sensor.is mounted in a sample 
· cell contained in a lead chamber for sh-ielding. _The. device counts all 
, 2~~-ener~ies aboveO.45 M~V. _ T~.is permits discr"i~inating against 

·• . - · Ganma ~niters :with single-channef ~nalyzers are·used to monitor 
~311 in_ DOG. - The analyzer is. set to- me~sure 0~344 to 0.384 M~V, which 
center-s the 131 I ganrna emission_ of 0 .364 M~V. - · · . .. · 

A gamma monitor with .s,ingle:-channel analyzer ·_15 used to measure the_ 
.. \ neptunium in the effluent. from the neptunium- anion exchange column ( in-

. active). _The analyzer is set· to scan- the·o to 0.5:MeV range •. This··moni-
- _tor per111its close. control of the neptunium eluti9n,: particularly in dis

ti_nguishii'lg. between the- high-impurity forecut and _the pure product and, · 
hence;·e,nabling the operator.to properly ·switch_the effluent flow to the.· 

· pro_duct receiver tank. · · · · · 

i. 
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Alpha monitors are used to measureplutoi'lium con~entrations insev~ 
eral process· streams. Each consists of a cell enclosing a scintillator. 
The scintillator is a glass disc with a cerium-activated surface •. The. 

. glass crystal is in contact with the· process soluti.ono The alpha monitors· 
are used to control plutonium recycle to the backcycle waste system via 

·aqueous waste streams from the second and third plutonium purification 
cycles.· The alpha .. monitbrs are also used to monitor plutonium product . 
stream concentrations in the plutonium· purification -i:yclesc The cal ibra- ·. 
tion of the· monitors. is basecF·upon laboratory, results of the current· .• .· 

·.onstream. samples. - Fuel is--processed in d,i_stinct· campaigns. All fuel· pro
cess·ed in a- particular-'campaign is oLsimilar exposure. Upon starting a 
new campaign·, it is necessary.to use aritic-ipated_monitor·ca1ibrations · 
(based upon past campaigns· of similar fuels) until>laboratory data from 
current samples can be. obtained. · · · 

~;n: .· 
.. ~-. · 6. 5. 1.4.5 Neutron Monitors. Three neutron detector probes are . 

9 · mounted vertically. 5 ft apart on the bottom- section of the uranium-
. _ ~· .. · plutonium partitioning column (.lBX, T-J6 column) (Fig. 6-60). This · 
-~:. installation :provides a continuous, instantaneoµs indication of the 
!:::? · plutonium profile, allowing prompt response to loss of partitioning or 
~- · plutonium recycle within the column~ A fourth detector probe continuously_·.· 

..... monitors the plutonium concentration in :the: lBXP stream. · Neutron 100nitors: 
· ::,c· (one each}- are also· mounted on tile HAf makeup tank. (TK-E6),. the lWF tank 

· ( TK-F7) , the 1 BXF tank ( TK-J~) , and the . backcyc 1 e ·waste· concentrate . · . , 
receiver .tank- (TK-Jl) to monitor the plutonium content of these vessels~ . > ·. 
A neutron source and monitor are also .mounted on-. the cadmium nitrate. 
makeup· tank- (TK-l51} to monitor the cadmium nitrate. concentration in the 
solution used. as the motive -fluid for jetting highly concentrated 
plutonium rework ... sol~tions to TK:-E6~. · · · 

· 6.5.2 Nitric· Acid Recovery System 

6.5.2.l F·unctiona l Description·~ · Nhric 9cid. recovery. at. the _PUREX Pl ant 
··._is accomplished in three separate-and distinct facilities which·together · · 
.. comprise the acid recovery system.· Dilute nitric acid is recovered from.·. 
·--the DOG in the 293-A backup facility and from the high-level waste in the 

waste treatment system, and these dilute acid solutions are combined and 
.concentrated _to about 50 wt% i11 the·vacuum acid.fractionator. (206-:-M- .·' 

The ox.ides of nitrogen gener·ated durfng ,uranium· fuef dissolution and not 
absorbed 'in the downdraft condensers are recovered a·s dilute nitric acid in 

. the bac:kup facility absorption towers •. Thfs dilute acid is transferred 
batchwiseto the acid accumulator vessel in the waste·treatment system. 

. ·· Nitrtc acid is recovered f~om th~ solvent-extraction waste by evapora
. · tion and denitration, -fallowed by absorption _of the nitric acid vapors and . 

oxides of nitrogen from the offgases. 
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... · · .· .· Acid is ·remove<;J from high-level ·waste by ciJ_ntintious: evapo·ratfon in. . 
the E~F6 concentrator •. · Feed solution (lWF)is. continuciusl:y fed to the·.· 

. concentrator, while vapor (AAF) is .continuously removed, and liquid {lWW)· 
· • Qverflows from the concentrator :at· a constant rate to produce an 

.· acceptable high-level waste concentrat.ion. The· vapor exiting the
concentrator (AAF,) passes. upward through .deentrai-nment .pads, then -to. the · 

· · · acid absorber ( T-FS). , ·. · .. · . . · · ... • .. : · • ·. · 
,·.' '. 

In-the·acid abso~ber·(T;.fS),'.nitr.ic' acid.is rec.over~c(at ·a: contenfra-· 
tion. of: about 15 wt% by .. an · absorpt·ion (enriching). process: invoiving· coun-

• · tercurrent >contact of the vapors .. with a refJu·x stream of ~~ter •. ·· .. 

; -T~~ concentrat~~ bott6ms Stte:am (iwwr is.re~~~ed with sugar to destroy. 
,; the residual nitric .acid -and some ·of the nitrate ion in.'solutfon and,: thus, 

; ·. r.·,C·;·~•?.-.. :-> \,reduce the amount of cal,istic requirecl·for pH.adjustment. ,The .offgases from ' 
: the sugar den it ration reaction are a1so routed'. to the acid-. absorber, ·where ... 

•.-~I>'. ,about 50%:of.· the contained oxides of nitrogen are ·recovered as nitri.c ~cid. 

'

··.: .. ,::_:· ..... r.cc.·~ .. -.~ .. 'c~·.J·.~··.-•:·-.•· .. ·.·.·.:.~·-·· ... · .•..... • , , ': T~e diJute:_acid recovered f~om the ~aste tr~atment process is combined 
~~:~ ' with the, dilute acid:,from the backup facility· and. transfer-red 'to· the vacuum . 

•~P')· · fractionator facility 111··206-1:C for final concentratio'n to about 50 ·wt%: . · · ·. 

· . 6~5~2.2 . . Major· Components. · 

.- . ' ' -. ·.,. ·., :~.. ' . . 

·•·-Dissolver NOx Recovery.Facility.· 

: The DOG treatment·-facility, 293-A or backup facility, is a rei.n .. 
forced concrete structure.south.of the east portion of the 

•· .. , 202-A canyon, as· shown i ri Figure 6-61. · The structure houses two 
. · .. , absorbe·r columns ,.in: ceHs.··above grade and·~ two .purrip. tanks . in eel 1 s 

·· b,elow grade. · ln additio11.,• there is a· below.;.gracte· room containing 
: valving and piping associated with, .routing di.sso.lver gas through .. 
· the tYJO absorber columns an~j-f or bypassing the.' absorbers.· ·. 

,.The
0

room also.contains the steam jets used to maintain vent 
vacuum on the respective dissolver.· The 293..:.A facllity has its 
own control room, which:.serves: primarJly to ho·use j ns'trument . 

•· signal transmitters~ •· In~trumentation\recorders', and· o.ther read- . 
· - Out instrumentation are .located'.'in. the· he'adend control roo'm. 

'· .. ,: Two'absorbers (r:.:.xA: and r..:.xs:) for recovering nitric acid• are ... 
. . . :'·lo¢ated in the 293.,.A buildfh.g. : The XA abs,orber, shown in .Fig-:- ·· · 

··:µre:6-62, is a 6-ft~diameter by 22-ft-high column containing 
··· eight trays·. Each of the top five trays holds thirty-three 6-in. 

bubble.,.caps., whi Je ·the bottom three trays contain twenty-seven.-. -
• .. · .. :6'."in. bubbJe:-::caps. Bubble-caps are cc:instructed.:from 6-in.-OD · 

· caps· with .serrated edges set· o'ver 4-fo~-0D by 2-3/4-in.-high · 
risers. Each tray also· has an ·overflow weir ·2~3;4 in •. high • 
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: The x~ absorber, ·'as:· sho~n: -if':Ff~J·~e·6:63,·'.,I a;·:4.:.ft· 6-·in.:~OD,by 
·.· 20-·ft-high column with• eight trays spaced 2 .ft apart. Each tray 
. contains twenty-two 6..:in· •. bubble..:caps set on· a· 4-in.-0D :vapor . : 
. rfser, and a. 1-1/2-in~-high overflow weir •. The ·XB col.umn is;:a 
. simple_ counter-flow ·absorber ·with liquid entering• at the-top· and. 

· · gas.at·the .bottom.·_ . . . 

The'XA aniXB acid-absorbers.are-fabricated from Type 304L;· . 
. _. ·. stainless steel and designed·,for contact maintenance.· ·The . 

· > • design data* used to cons truc;t. the XA. and ;XB columns. J all ow:· . 

•·. Design pressures;' full· o/ .liquid >an'd • 112,.:lb/i~:2 ~ 
· va'cuurri ··. · · · ·· 

• • . jes ign te:!~peratu~e,_ • l50°f 
.. . . . 

. ' . . ' 

• SG.~f c~ntents; ~-2 

· •- Corrosion· allowance, 0.06 in~ 

·•.·•. 1 · Specificatiori, HWS~5776/Revision I. 

Tanks .. XC ~i1d XO are 5,'0QQ.;.gal and :3,000-gal.capa~ity,' respectfvely·. . ' ... · 
Each :is- equipped with. two pumps ·:and liquid-level~>SG, and temper- · 
ature instrumentation •. Tarik:XD .is ·equipped with a ·copling coil, . 

. ' but the contents of -th.e XC tank are\cooled'·chiefly by the ref.lux · 
.flow heat exchanger befor.e.:entering the. tariL' . . ,' .. . . 

• '0 ' ·• • ) C • 

. . ' . . 

. ·•-· In the towers; the oxides of-. nitrogen are contacted with· recy:--: ; '\/ 
.. ·',: ,, 

. clea 12 wt% nitric acid and water solution to produce .nitric . 

. .'_ ,}'-

. . ac.id •.. Water is.added to the columns_ at a rate which maintains 
the··acid. concentration at ·about 12 wt%. ; Hydrogen peroxide 'is .. · · 
added to oxidiz·e nitrous acid to nitric acid. Solt.i'tion from the · 

.towers are collected in indiv1dual tanks, from which the .bulk of 

'·,• :,:-• . 

.·. the . so _l ut.i on '._is: recyc 1 ed back to each tower. The recyc 1 ed sol u
t ion provides the cooling capacity necessary to maintain the. 

_. -. optimum absorption capacity. One ,heat exchanger is used . .to-cool __ .. 
· the liquid recyclea to tray 3· on _the XA column and· another heat··· 

exchanger is used for- inters·tage .cooling. of the· liquid on the 
top four ·trays .of. the XA .tower •. • · · 

. tiq~id is ·taken from a plate, <Cooled, _,and· routed t'o the next 
· -lower plate. Liquid feed points are located at. the top -of the 

XA column-and between trays.three and four. Gas is fed .to the 
bottom. of the XA column, exits from the top, and is then routed_ 

. to the .bottom of·.the XB absorber. · · 

· *orawi ng H--.2-57002. 
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:,A liquid bleed ·stream 'fro~ the XA ~cid receiving' tank {TK.:.xc) is 
sent v•ia TK-F3 and Tk-U5_ to a vacuum fractionator where .the acJd 
i.s ·co·ncent.rated from 12 wt%··to about 50 wt%. Liquid from the ·.· -
XB receiving .tank (TK.;.XD)- is sent to the· XA receiving tank. 

The gas .stream leaving the--XB tower is sent to the 2:91-A stack 
where it mixes with the PUREX building ventilation ai~ and the 
protess ventilatibn gases before exiting the stack. The oxiaes 

_ of nitrogen_emissions will b~ q'!duced below the concentration 
le.vel s permitted by the EPA.;l 28 J. . . · . · .. . . _• 

·The oxides of nitrogen absorber effluent is not to exceed 2 vol% 
:{dry basis) or l~ 160 kg/.d of oxides of· nitrogen • 

. The PUREX-main stack {291-A~l) is'not to exceed 2,250,'kg/d or 
··-·. ·. 424 ton/yr of· oxides of nitrogen • 

•. T.:.Fs; ·:Acid Absorber 
. . . . 

The acid distilled from the _high-level waste, and the oxides of·, . 
. nitrogen produced -by sugar denitration of the high-level waste · 

·, are recovered in the T-F5 atmospheric absorber tower .(Fig •. 6-64). 

The absorbe·r is a 20-ft-high tower divided into -two ·sections. . 
The 3-:ft 6-in.-diameter · lower section, formerly used for frac-

.. t,ionation, contains· eight trays spaced i2 in. apart. · Each fray 
holds. fifty.;.nine 3--in • .;.;QD· bubble-caps set over 2-in.-0D by· . • 

• 2 9/16.:.i n .• -h•igh_ vapor risers, and overflow weirs l l /2 in. high. 

The upper absorption section of the tower increases in diameter 
to 10 ft and contains seven trays spaced 12 in. apart •.. Each 

· tray ..in the upper section is constructed with 156 5-in.-0D 
· :bubble-caps set over 3 1/2-in.-.0D by 2 1/4-in • ..;high vapor. risers, 

. and, overflow weirs l 3/4 in. high •. Vapor from the waste con- . 
· centrator enters T-Fs·via a 16-in.-diameter line at,the bottom 
. of the .upper tower section (between trays eight and nine).· .. 
Absorption water, ·recycled from. the absorber co_ndenser · { E-F5), 
enters the absorber through a nozzle· in the top of the tower.. 

·Vapor from.the absorber ·1eaves the top of the tower through- a 
16-in~-diameter line. 

. . . . - - . . 

· ·A 11 parts, excluding· external supports, ·are fabricated of 
• Type 304L, stain less stee 1 • 

. . 
· • Vacuum Fractionator 

The fractionator is located. in the 206~A structure attached to 
.. the north side of the -east end q_f the 202-A building '(see 

Fig •. 6-61). The concentrated nitric acid receiver-pump tanks 
are located in the nearby, below-grade, U cell • 

. A flow schematic of the vacuu~ fractionator and associated equip
ment is shown in Figure 6-65; the acid fractionator (T-U6) is . 

, . shown in Figure 6-66. 
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- -- The vacuum fractionator consists· of an ·insu.lated tower, 8-ft-oo· 
· and about 35 ft high, fabricated from 3/8-in.-thick· plate~- The. 

-·:tower.is enclosed by dished heads and contains 14 trays spaced.: 
•18 in. apart. Each tray has 86 bubble-caps located on an 8-in. 

_ equilateral triangular pitch. - The bubble-caps are 6 3/4-in.-0D · 
surmounting4 3/4-in • ..:oo risers. 

-The contact maintained fractionator.was fabricated from Type 304L, 
.•_stainless st-eel. The· design data •Used Jn the construction of the 

unit follow: . . . 

• ·.Design pressure, full vacuum . 

·•· :Operating pressure,. lOO·rmnnercury 

• DP, - 30 to 35 ·in. WG · 

• Design temperature·, _205°F. 

• Operating: temperature, 125°F (top). and l70°F(bottom) 
• • < • 

. . 

• - Reboi ler heat transfer• coefficient,· 218 Btu/hr-ft2 -°F 

• -Corrosionsallowance,- 0.06 in.· (all surfaces). 

. L 1quid feed from T_K-U5 enters the ·tower through one ·of three·: 
lines wh•ich feed :trays 8, 9, and 10, respectively._ Liquid l~aves 
.the. tower via one of two nozzles at the_ bo:ttom, such that a por
tion .pf .the liquid turns to the reboiler and the remainder goes 

· to -the product tank ( TK-Ul or TK-U2). 

The reboiler, shown in Figure 6-66, is a vertical, 42-in.-ID, · · 
cylindrical vessel. Condensing steam on the outside of · 
S58 1 l/4~in.-0D tubes on a 1·9/16~in. equilateral triangular: 

· pitch supplies the heat for fractionation. 

·Vapor from the reboiler enters the fractionator through a 24-:in.
diameter nozzle at the bottom, and vapor leaves·the tower to con
denser_ E-U6- l passing first through a demister. and then through 
a 24-in.:-diameter- nozzle at the top. · · · 

Four drain lines for purging chlortde-bearing nitric acid from 
the fractionator .are located under trays 6 to 9, respectively, 
and ex it through the side of the tower. The _vacuum .fractio.nator 
{T-U6) has three condensers (E-U6-l, E-U6-3., and E-U6-4) to 
handle the offgas~ Condenser E-U6~1, in addition to handling 
offgases, is useo for-evacuating T-U6 to about 100 mm mercury. 

· This ·lowers the required temperature and minimizes corrosion of 
the t-U6 v·esse 1. The three conaensers are connected in series. 
with E-U6-l attached to T-U6 and fol lowed successively by E-U6-3 
and E-U6-4. Overhead vapor from the vacuum fractionator is con
densed in E-U6-l, while steam from the two-stage jet-vacuum sys-

. · tern -for·the -fractionator is _condensed in E-U6-3 and E-U6-4. 
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Condenser E-U6-l (see Fig. 6-66). is ·about 19 ft long and 42 -in. 
in diameter~ Fractionator overheads enter the condenser through 
a 24-in. nozzle near the end of the shell. Inside the shell,· . 
the vapors contact a tube bundle containtng l,24~ hbrizontal 

:tubes 3/4 in~ in diameter, which carry cooling water. The water 
makes six passes before it discharges to_the cooling water 
header. · · · 

6.5.2.3 Safety Criterfa and Assurance. There are no special personnel,:. 
process, or criticality hazards associated with operation of ·the dissolver 

. oxides of nitrogen recovery facility, acid absorbers~- vacuum~ fractfonator, 
·· .. or other U cell equipment, with the exception -of the laboratory. waste 

receiver tanks (TK-U3. and -U4) -and. the handling· of· hydrogen-'. peroxide.~ The 
fissile content of the process samples handled iri t_he laboratory during 

• the time required to accumulate a batch of waste in the U3/U4 tanks would . 
not norma11y exceed the vessel mass limit of 500 g of plutonium. In 
addition, however, administrat.ive controls restrict the type of waste· 
discharged to those tanks. Chemical hazards of hydrogen peroxide are·._ 
di scusseo in Section _5.3 .3 .3 •.. Adequate .protective .. clothing,. nandl i ng. . 
precautions, and procedures _are available to assure safe handling of this_ 

_material.. · · 

· As discussed in Section 7.5.1.3.4, the high-level waste sugar deni- · 
'i tration process could possibly ~produce a· violent reaction. This reaction. 

could result in pressurization of the vessel or exceed.the capacity of the 
offgas nitric acid scrubbing system. 

To prevent unc6~trollable evolution ~f gases, electrical interlocks. 
are used •. These interlocks prevent the· addition of sugar to the waste 

. denitration·tank if the solution temperature is low (92°C) or if. the tank 
_ -is pressurized~· ·Sugar is not- added until the plutonilimcontent is deter-

.. ,_ .. 

::.· minea through sample analysis and found to be less than 500 g. 

The process hazard analysis_ for nitr-ic acid recovery is ,given in 
Table 6-30. . . - . 

6.5.2.4 Operational-Control Systems~-Recovered Nitric Acid System. The 
recovered nitric acid concentration is.maintained at about 50%. Adjust
ments are made, as necessary, on the vacuum fractionator operation to 
assure proper concentration.· · · 

Recovered nitric acid is recycled to. process dissolvers and streams: 
HA column scrub (HAS),- lBX column_plutonium product (lBXP), 20 column feed 
(2DF) and concentrated. backcycle waste (3WB). The primary limitations on 
use of recove.red nitric acid result· from either FP or chemical contamin-

. ants. This effectively precludes its• use in ttie third plutonium system · 
and in the cold chemical makeup areas. A surm:iary of the off-standard 

· operating conditions is ptesented in Table 6-31. _ ~ 
,_ 
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System or 
subsystem 

HNO 
rec~very 

General 

293-A 
dissolving 

' 

293-A 
decladding 

Sugar deni-
trat ion 

TABLE 6-30. Process Hazard Analysis--Nitric Acid Recovery. 

Energy (hazard) 

HN0 3 

NOX, 12 

HN0 3 

H202 

NH3 

Vigorous exother-
mic reaction 

Unwanted energy flow 
(incident) 

No ANN to. T-F5 

Corrosion, inges-
tion, contact 
Absorbers offgas 
emission 

· Corrosion, i nges-
tfon, contact 
Ingestion, contact 

Bypass valves fail 

Uncontrolled reac-
tion 

; 

Consequence (immediate 
and/or secondary 

U6 corrosion; equip
ment damage 

Activity release to 
sewer 
Equipment failures; 
personnel injury 
Emission from stack 

Equipment damage; per
sonnel injury 
Personnel injury 

Ammonia nitrate 
formed in recovered 
acid; filter plugging 
Pressurization of 
TK-Fl5 

Barriers (design, 
administrative, 

safety devices, etc.) 

F analysis of Ul and 
U2 

57 wt%; acid ~uits 

Visual appearance of 
plume; standard op
erating procedures 
Administrative proce
dures; acid suits 
Administrative proce
dur~s; acid suits 
Vacuum gauge on 293-A 
NH3 scrubber 

Administrative proce
dures;.waste at re
action temperatures 
before starting; 
low temperature in
terlock; controlled 
addition rate 
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Off-standard condition-

Excessive DP 

. ' 

Excessive pressure In 
tower (unable to main-
taln 100 mn Hg absolute 
pressure) 

Excessive acid in dis-_ 
tlllate (overheads) 

Lriw acid concentration 
In· product (bottoms) 

Excessive corrosion 

Cl- .acciwulation (not 
11 ke ly . to occur) _, 

, TABLE 6-31. Acid Fract1onatc:,r--0ff-Standard-Cond1ttons. 

IIOW detected 'Likely cause- Detection of cause .Reaedy 

_Instrument read lngs 
·-

. Vapor velocity too high Reduce steu flow· tore-DP Same as-•How detected• 
--

· boiler; reduce feed and 
. reflux addition rate 

Column·vacuum·(pressure) LOSS of cooling water flow · Fl0\11 meter on cooling water Restore cooling water 
Instrumentation to surface condenser; · stream; sudden change In· · flow to condenser; shut .. . ' . failure of jet ·ejector. vacu1111 or lnabl Uty to . ·down for •1lnt1nance; 

sfstem; above-no~mal air Initially draw·vacu1111; air adjust to proper setting; 
b eed rate; Inadequate · bleed valve loading pres~- Increase total 1te111 sup-

. stea111 suppl~,. sure; lnabtl lty _to-ma lntaln ply· to 1fll"1ctl0Mtor · 
C steam flow to reboller and . _building 

vacu11111·s1multaneously . -

- Analysis of the distillate Low reflux flow rate (AFR) i Flow meter on .AFR strelllil; - _Increase AFR to proper · 
for HN03 _high -HN03 In bottoms excess stea,w flow -,. I flow rate; decrease _· .. 

steara flow 

SG reading of stilling Control system failure; -Failure-of -Involved lnstru-: Repair lnstr1111ents; de-
chi1111ber; ana lys Is of · _ ·reed rate too high (AFF); !llents; MF flow meter; crease·teed (Affl rate; 
Tk~Ul-or TK-U2 ste1111 flow rate too low; . _reboUer steam fl.ow ineter; · · Increase steM f ow to 

' <~ 

' ' ' - h lgh reflux-to-feed ratio . ~R and_AFF flow 111eters·:: · . - r~bollerl decrease reflux 
_, 

,. I -· (AFR) ra • · .. - · 
,' 

Corrosion ·products In Fi-act lonator operat Ing at Colwnn vaclium lnstrumenta.:. • Jncrease VICUUI to propei' -
TK~Ul/U2 saq,les ahlgher,pressurethan tlon .J - ~~Ulng · ·· . .. ,, 

nonnal ' - · ., ., '' 

Anlllysls of mater-lal on , See "Excess Ive corros ton• Same as.•How detected• -Purge affectedl plates 
c1· ·purge plates . '. . ' ' ; .. 

. . 
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Th1s section covers building sumps which collect leakage, spillage, 
•- and spray water or acid.~ 

. . 

6.5~3.l • Major ·components. There -are Jou~ types of process. sumps: general · · 
.·canyon.sumps, .deep sumps .(SH and.SJ2}, plutonium cycle sumps (SLK and SLL.), 

and glovebox sumps. · · 

The general· canyon sumps are pits in .the eel l floors, :24 i.n~ by 24 in. 
-.by 18 in. deep. T~e .cell floors· slope to the center of .the c·ell to ·an.8-in.
wid_e. trough which slopes to a· second trough; .the ·second trough is perpendicu
lar to the center trough,_ is 8 in. wide, and drains to the cell sump. The: 

: SJ and SK·. sumps a·re. filled with. acjd-resi stant. grout to' reouce the depth to 
· ·. 8. in •. 

_. . The deep sumps ( SH and SJ2) are pits in the eel l floors, nomi rially 8 ft 
by 10 ft. by· 5 ft deep, installed after the completion of' the :building 

.;;j• _ · · construction to .accommodate longel'.'··solvent extraction columns_ in .the H2 and 
r,..=;;;-: _;. · J2 locations. The deep sumps are.·separated from the cell floor by a· 
;;::-_ ·. 6.,;in.-high .concrete c~rb. · 
~ ...... 

·The plutonium cycle sumps (SLK and SLL)·are-in the center.of L cell·and 
, 'are separated by the part.ition wall.between :the T-L2 and T-t3 positions •. 
• The· SLK sump is a narrow, l l/2-in.-wide trough runn.ing longitudinally down 
·the center of the cell~ sloped toward the partition. The trough in the 

' · SLL.sump is filled with stainless steel. rods, except ·for a ·short .length to· 
. .accorrmodate WF and -solution transfer dip tubes, so that the sump i is . 

. : , baSica]ly· the sloping floor. . 
. . . . . 

. · _· The glovebox sumps in the ·PR room,· N ·cell, and Q cell ··ar~ the floors of 
the gloveboies~ The L9~ 'llo~ and Lll gloveboxes in the PR room are equipped 

·. wi:t·h drain lines extending into L cell •. The plutonium solution .loadout head 
··. tank (L 13) glovebox drains to the SLL sump. The loadout hood_ sump is. . 

equipped with a vacuum transfer line to TK-Lll. The loadout hood also has 
criticality drain to the PR room floor. The N cell solution glovebox sumps 
are equipped· wit,h vacuum transfer lines to TK-L lland common drains. to the 
SLL sump. ·The dry gloveboxes are not equipped with drains • 

. . 6.5.3.2 _· Nuclear Criticality Prevention •. The safety of the general canyon· 
floor and/or. sumps is assur_ed • by restricting the mass and -concentration of 

· ·fissile materia.l in•the vessels above each sump and by restricting the depth 
of ·solution on the canyon floor whenever .necessary. · 

In all cases _involving the. general sumps, the plutonium concentration 
above these sumps is limited :to an effective concentration of Jess than 
6 g/L. Rework plutonium solution may be sent to TK-E6 at concentrations 
greater than 6 g/L; however, the plutonium solution must be poisoned with 

·.cadmium.nitrate so that the equivalent reactivity is less than 6 g pluto-. 
nium/L. In addition, the material is immediately diluted to less than 6 g 
pl utan i um_/L upon receipt in TK-E6. _. 
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. For solutions with·a potential 'plutoniUin coric:·entration between 3.6 and. 
6.0 g/L, the solu~ion .depth is restricted to 12~6 in. above _the sump 
trough •. If a si..ngle vessel were to leak solution to the floor and the plu
tonium precipitated, no criticality.would occur. Vessels TK-03 and -D4. have 
the largest finite plutonium mass limit of the PUREX vessels (16.5 kg) 
for material with· 3% 240pu. If solution in TK-D3/D4 at a concentration of 

· . 6 g/L.Jeaked into.· either a ~ry ·sump.or a poo.l 12.6 ine deep and precip-
. itated, ,it)would -still be s~fe as shown· in -the followin_g. ·· 

--·' 

• TK-D3 Contents Leak into a 'Dry Sump. 

A mass of ·16.5 kg·of pluto~ium at·a·concentration of 6•g/L (the· 
maximum allowable concentrat·ion in· the ·tank) is contained· in a· 
volume of 730 gal. This wQuld fill .the 18-in • ..:deep SD sump and 

· would cover the D cell floor 0.75. in. deep (18.75 in.· total) up 
the wall. If a precipitati:rig agent were added, this would not 

· cause a- criticality, because a 24--in .. -square, concrete reflected 
box requires.the equivalent of· at l~ast 21 in. of 6 g plutonium/L 
solution (6.4 in~. of 20 g plutonium/L after precipitation). ·If 
D3 contained material with 12%. 240pu with 3. 7M nitric acid, per-. 

· ·. mitting.26.9 kg plutoni.um to. be·present; and a similar scenar-io is 
-considered~ the system would be no more reactive. Although the · 
:1, 190 gal of 6 g plutoniuin/L solution would be deeper (about 
,19.7 in.-total), the corresponding:critical depth i~ equ~valent to· 
27 in. of 6 g plutonium/L solution· (.8.1 ·in~ of 20 g plutonium/L 

. after precipitation)· •. ·· 

· • TK-D3 Contents:Leak into a.Pool of Identic~l Density Solutiori 

In this case, the TK-03 solution theoretically remains together as· 
a smaller pooLof 6 g/L plutonium .so.lution (spreading and dilution· 
makes it safer). An infinJte system with.·concrete below and water 

· on top, requires only. 16.8 in. of ·6 9/L plutonium (versus about· · . 
21.0 in .• for,the·24 ... in.-square·sumpJfor criticality to occur upon 
precipitation •. A ·safe solut.ion· depth {75% minimum critical) ,of 

. 12.6 in. is imposed to protect the facility from this error. 

•.·.For the J.7 g plutoriium/L solution~ the .75% minimum critical .. 
. depth,< subsequently precipitated to the optimum concentration~ is 
26 1/4 in •. The canyon c.ells overflow to the adjacent air tunnel · 
·at 3/a ·in. · above the canyon· trough (Drawing H-2-58965). · .. 

To exceed this v6lume in the canyon for any extended- period·would 
require an excess of· 190,000 gal of solution. Therefore, if no 

· .. ~e~sel in a cell has greater·than-3.7 g/L plutonium concentration, 
· .·the solution depth restriction -is, effectively, removed for that 

cel1. Other than: L c.ell, only J and K <;ells could have greater 
than 3.6 g/L •. Th,is conditia.n could occur only .fo.r abnormal lBX 
operation.· · · 
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.· If a plutonium.~bearing solution leaks· fro~'.the·c:anyon vessels,· .the 
plutonium will normally be retained in solution· because pf'the 
ni:tric acid present.: However, the acid: is gr_adually neutralized · 

· by the- alkali present in the structu,:-al concrete; therefore, · · 
·plutonium-bearing solution should not be left indefinitely on· the 
floor. · · 

' ' . 

The PUREX proceoures require. sump tran·sfers to TK-Fl8 · as soon as 
· ,practicable. - However,· each sump transfer to TK-Fl8 requires 

-_.foreknpwledge of ·TK-Fl8 contents JPu and HN03 compositions) and 
analysis .after each transfer for safety· and :accountability. · ·.· 

, Accordingly', occasions have existed in which so.lutions remained . 
· .. abov.e. the ·collection sump level for hours. If such a solution is· 
: :subsequently.found to contain stgnifica~t plutonium, flushing -of 
· ·the floor must· be ·considered. · (Conditions of acidity, plutonium 
.. valence state/polymer. presence, uranium concentration, and canyon 
· . location would be weighed during this flushing ~valuation.) There 

is no _restriction:on the use of water.for.f.irefighting for the 
·cells serviced by the •general sumps.• 

• Deep Sumps (,SH and SJ2) 

· Two 8-ft .by 10-ft b'y 5-ft-deep sumps were :constructed to accom-
. · momodate the- HA and lA columns {the·. lA column was. eventually · . · 

removed. and the neptunium sol vent extraction package-placed over 
the sump). ·The SH sump is stainless steel lined w.ith grout · 

. - filling between the liner and the concrete floor :of the cell. The 
.. _ deep sumps are· jetted out automatically to the. adjacent canyon 

~floor~. · · 
·• 
Criticality prevention in the deep.sumps is dependent upon the 
vessels above~ The.HA column contains dilute plutonium mixed with 
uranium. Leakage of ca.lumn contents, slowly or not, would not 
present any criticality ·hazard because of the presence of uranium 

· -·.· with the plutonium and/or the finite plutonium inventory in .the · 
column. · 

The neptunium recovery package (inactive), above the SJ2 sump may 
also contain a limited mass of plutonium, since it collects 
neptunium and separates it .from any plutonium in the backcycle 

··waste on a :continuous basis using ·a chemical reductant •. 

Since only about·orie-third of the 3WB str~am flow is routinely 
· routed to the neptunium package, the unusual presence of a 

· · .. - significant plutonium concentration entering the package would .be 
observed. in Jl sample analyses and acted upon before .an unsafe · 
plutonium mass had accumulated in the package. (The neptunium 

.package itself is geometri~ally favorable, but is' restricted to 
·- 6 g/L plutonium concentration fcrr su~p safety.) There is no 

restriction on the use of water for firefighting for those cells 
with deep sumps. · · 
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-· There ~re three cont~o-1 limits for th~ SLK or·_sLL sumps: (1) the 
·• maximlJII concentration of plutonium is limited to 450 g/L; (2) the·. 

maximum total mass in any single vessel and the sump below it is 
· limited to ~O k$;. and (3) t~e maximum liquid d~pth at the. ed~e o~ 

the trough 1s l1m1ted to l 1n. when the pluton1um concentration 1s 
greater than 6· g/L in either a vessel or sump~ 

When the soluti.on concenttations ·in. the: vessels and sump: are le.ss 
·than.-:6 g p·lutonium/L (based upon sample analyses and no subsequent. 
plutonium.addition),-the depth· is limited by_·criticality_ · 

. prevention requirements. to 12 •. 6 in. · The- SLK -and SLL sumps• are 
connected via the air tunnel .at l 1/4 -in. above .the 1 ip of t_he 

. _·trough of the sump, 'and_the-~LL sumps back up into the PR room at 
8 7 /8 in. above the lip of the· trough. This imposes some physical 
]imitation upon sump· level~- other than criticality. - The SLL sump 
recei_ves process solution not only from the vessels above it, but 

. also from the PR. room and_ N_ cell .gloveboxes. In the case of fire -
in the cells serviced .by the sumps, the quantity_ of water is 

. res_tri cted, so that. the .maximum combined vo 1 ume . in sumps SLK and . 
SLL is. limited to 5~000 gal (6 in. above the -lip of the trough). 

• ._ PR Room Sumps.· . -

There are three limits for the PR room sumps: ( l) the maximum 
· _c.oncentration of plutonium is limited to450 g/L; (2) the com- •--· 

bined volume of the SLD sump and TK-L 11 above it shall not exceed 
a safe- volume; and {3) _the_ drain or overflow line from the PR room 

_ sumps to the canyon-·must·be maintained in freeflowing condition~ _ 
There_ are three failures _that must occur before a criticality•is · 
piisstble: . ( l) .the sump drain or overf io~ line would have to be . 

. plugged; (2) the combined vol um~ 9f the sump and associated vessel 
would_ have to exceed the safe l1m1t;* and (3) the contents of the 
vessel would have to drain onto the floor. · 

_The L9, LlO,· and Ll3 gl~vebox sumps (SLF', SLE, and SLB) drain 
directly to the SLL sump~. The TK-Lll hood sump (SLD).must fill to. 
l in. prior to overflowing to SLL. _This SLD. _sump, therefore, 
could collect minor ves_seL leakage· for direct transfer to TK-Ll l 
rather than having to go to SLL and then back to TK-L 11. The · 

_·drain or· overflow lines ar_e checked. periodically by adding acid to. 
each in the PR room:and obs~rving an increase in the·SLL WF. 
A plugged drain or ,overflow -line is an ·error condition, and per-
sonnel do ·not knowingly add material to the tanks under these · 

·conditions. 

The "Safe. volume" is. specified in_ the criticality prevention 
' ',specifications.'" . . 
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··The L9 arid .Ll0 hood sumps (SLF and· SLE) are 19 ft long .and 18 in. 
, wide, with a slope of 1 in./8 ft. The safe volume for the sump 

and associate-d vessel contents in each hood is 27.7 gal, equiva
lent· to a depth of ·2. 74 · .in. at the deepest part of the sump~· The 
maximum velum~ for TK-L9 is 11- gal and for TK:.:t 10 is .14 gal.._ 

. . . . . : ' 

.>The SLD sump.beneath ·TK~L11 is 98 in. long and 18 in~ wide~ with 
a slope of l in./8 ft •. The safe volume for the sump and· asso

. ciated vessel contents is 25 gal (~quivalent to a depth of 
.3.76 in.· in the deepest part ·of the sump) •. If the maximum 

· operating volume (18.75 gal) of 450 g p]utonium/L 'Solution in 
· TK-Lll were. introduced into the- SLD sump which had solution · 
. already up to the overflow· depth (about 1 in.), and if- the·over-

.. -.flow drain were plugged, the system would still .be subcritical. 
· (keff ·less than 0.95}. Admin.istrative controls are in-place 
.. to operate with the sump below the overflow depth •. A solution 
• depth monitor activates a,lanns in the PR room and the dis- · 
-patcher's office prior to the overflow depth being reached~ 

The_ loadout tank (TK;..L 13} is in a glovebox that has a sump- (SLB) 
.which ~rains to the canyon sump (SLL) via the same header as the 

·Lg· and Ll0-glovebox sumps. Were the .drain to be plugged, the. 
• maximum vol1J11e which could be· added to ·the SLB sump would be 
equivalent to TK-L 13 volume (2.35 gal). The SLB. sump, 2 ft-2 in •. · 
by .2 ft, slopes two ways to the drain. · The 2.35 gal would be 
contained in about 1.4_ in. of depth, .which is well below the 
maximum safe slab thickness. · · 

As mentioned, the loadout hood, \oJhich ho.lds the product 
· container, has a sump similar to SLB; however, the solution 
entering the sump must be vacuum transferred to TK-Lll ·rather 
than draining to SLL, as-does SLB. The safety of the sump is 
comparable to an SLB sump with no drain. The-maximum volume of 
process solution which could be added at on~ time is 2.35 gal; 
this would result in a noncritical, 1.4-in. depth.- Were 
additional solution to be added (e.g., an open acid flush line), 

·•the solution would overflow at a height of 1-1/2 .in. via a 
1-in.-diameter side port to a drip pan beneath the hood. The 

·· maximum ·depth of solution in the drip pan prior to overflow . 
· -would be 2 in. (subcritical or 450 g/L of plutonium).· · 

The use of water fo~ firef1ghting in the PR room hoods (L9, Lll, · 
· and Ll3-10) -is restricted, so that not more ·than 20 gal may be 

on the fl90 r of the hood. 

• M Cell Sump 

Tanks TK-M3 through TK-M6, each with a capacity of 210L, are · 
located in the M cell enclosure and are used for storing pluto
nium nitrate solution. The floor beneath the tanks ·is lined 
with stainless steel, which extends 8 in. up the walls. The 
sump is a 3 in. Schedule 40 stainless steel pipe cap, and con-

. tains two liquid level detectors. Sump contents are ret.urned to 
TK-N30 via vacuum transfer. 
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The wet processing gloveboxes in N cell are provided with 3=in. 
Schedule 40 stainless steel pipe cap sumps. Each sump is pro
vided with a single level detector. Sump contents~ except those 

·from sumps S-N6, S-N53 and S-N-lC {located in the pipe -chase) 
are· returned to TK-N30 v·ia. vacuum transfer.· · 

Contents of sumps· S~N6 and S-N53 · are vacu.um· tr an.sf erred to TK-N54 
in the,N6 gJovebox for-reprocessing in the oxide_rewo_rk faciljty. 

. . , . . . . 

Vessels:TK-Nl.5, -N16,; -N2),_.ai1d ~N22 are-filtrate and condensate 
collection: tanks,. located·· in the· pipe chase. The plutonium con-, 
tent of these tanks is low, and the probability o_f leakage is 
slight, since the tanks. are of welded stainless steel construc-

. tion. The sump return line from S-NlCrunsto the_N7 glovebox, 
·where it may be connected'.to the S-N7 sump return line for vacuum 
transfer to TK-N30.· · · · 

In the· event of a major spill, the N eel l wet process gloveboxes . 
are interconnected to. an overflow- system which returns the. con- · · 
tents to the. SLL sump •. · 

The M and N eel l sump routings are shown qn Figure 6-67. 
. -- . . 

6.5.3.3 Operational Control •. All of the cell sumps, excep·t SLL and SLK, 
are jettea to the-waste• receiver {TK~Fl8), wtiere the solu.tion is sampled. 
If it is low· in plutonium and uranium product content, the· solution is . 
made alkaline and sent to the underground waste tanks. If the liquid con-

: tains organic, it is sent to TK-Fl3, where the solution is washed. The 
·aqueous. phase. is ··routed· to either TK-F8 or TK-Fl8, ·depending upon the 
uranium.· and/or plutonium content, and the organic phase is slowly_ blec;i · 

· into the organic_solvent wash tank (TK-Gl). 

Aqueous material which cannot be discarded ·to waste is recovered by· 
either transferring it directly to TK-F8 or by transferring it to TK~Fl3, 
where the aqueous material is held: and subsequently transferred to TK-F8. 
The solution in TK-F8_is digested at boiling-temperature in 2.0M·to4.0M · 
nitric· acid for about 21 d, and is then processed by adding smaTl quantT-· 

· ties to feeel material batches in TK-E6. 

Th~ SLK and SLL sump so 1 ut i ans are normally transferred to the geo
metric ally favorable TK-Lll. Also, a routing exists to jet from SLK sump 
to TK-Fl8. During a flushing operation, if the sump is low in plutonium. 

· content (rruch less than· 6 g Pu/L) as measured by a previous TK-L 11 sample, 
the SLK sump contents can be transferred to TK-Fl8~ · A routing also exists 
to transfer the SLL sump to the SLK sumpfor transfer toTK-Fl8. 
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. Operational control of the glovebox and hood sumps in the· PR room and 
N cell is comprised of the following elements: · 

•·The liquid levels in the PR room loadout hood and the wet* glove
box sumps in N cell are monitored closely and liquid removed to 
prevent exceeding the depth limits: and/or overflow of plutonium 
solutions to personnel occupied areas. Mon·itoring of the SLD · 
(TK-Lll )_ sump is a precautionary measure t9 prevent. exceeding 
the depth limit in-the event th~ drain to SLL becomes plugged~ 

. •· Good housekeeping is'practicedin,·all gloveboxes to maintain ~he; 
sumps free .. of 'solid material that could accumulate plutonium·or 
restrict the d~ains~ 

• Thecombined volume of solution in TK-Lll and the SLD sump is 
maintained at less than 25 gal. 

--• i;'....J! •· 6.5.4. Utilities and Services 
·--~ 
~~;~; 

ij;:: "·: The utilitie_s and services for the PUREX -Plant, both externally sup-
•• .. plied and internally generated and including the PUREX demineralized and 

distilled water systems, are discussed in Section 5.4. _ The process cells 
are served by drop legs in the P&O gallery from the compressed air, steam, 

·. and water headers (discussed previously). Electrical services are routed 
from motor control. centers in the P&O gallery· to wall nozzles. 

·' 6.5_.4. l Nitric Acid. Fresh nitric acid is received by tank truck and ·· 
stored in the2ll-Atanks •. Continuous·servke is provided for in-line 

:. blending via a P&O gallery header from a head tank (TK-222) in the 
• :, .AMU .area. A second header supplies intermittent f_low for large batch 
· · transfers of fresh nitric acid from the 21-1-A tanks. by pumps in the 

211-A buil di rig. 

The PUREX recovered nitric acid is coritinuously supplied to various 
-

1 

· · . cells via an acid header located in the sample gallery.• Recovered nitric 
- acid can be replaced __ with fresh nitric acid by means of interconnections 

:at _the various points.of supply to process equipment. 

· : · Nitric ac1d· recovered at' the U03 Pl ant is received at PUREX vi a 
.. • tank truck and stored in: tanks located in the 203-A facility. · Th-is acid 

-is b 1 e_nded with the more dilute acid recovered · from the backup facility 
and the waste concentration step and then concentrated. to 10.4M (50 wt%) 

. in the acid fractionator •. In addition, the_ U03 acid can be used 
· directly in· the _process via a separate header system in the P&O gallery. 
·fresh nitric acid may be added directly to the recovered-nitric acid 
··storage tanks to maintain· acid i'nventory • 

. A schemati~ of the three acid-~ystems is giv~n in Figure 6-68. 

. * .: · Those gloveboxes which contain proFess solutions • 
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. 6.5.4~2 Sol~ent Supply System. Fresh.diluent (NPH) and solvent(TBP) are. 
received by tank car and un 1 oaded into .receiver storage tanks in the 

·. 211-A area.· Organic additions to the process are by batch makeups in 
TK-RlA, located in the·P&O gallery. Additions to both G and R cells may 
then be accompl{shed by appropriate valving of headers from TK-RlA 
. (Fig. 6_"."69 .and 6-70). . . . 

6.5.4.3 · 50 wt% Caustic. Caustic is used primarily to convert waste solu
. tions to the alkaline state. Caustic is also used, in conjunction with 

other chemicals, as a decontaminant. The 50 wt% caustic is received by 
railroad ·tank car and stored in 211-A tanks. The distribution system, 
shown in Figure 6-71, services the entire· process system and AMU area. 

6.6 CONTROL ROOMS 

. 6.6.1 Functional Description of Control Rooms 

The processing and support or auxiliary operations at the PUREX Plant 
are largely. conducted from five localized control areas:. ( l) central con- .· 

•· trol room, (2) headend control room, (3) power control room, (4) N cell 
control rooms (upper and lower), and (5) Q cell control room (inactive). 
The dispatcher's office .serves as a focal point for infonnation transmittal 
in.the plant. 

The five control rooms contain graphic panel .boards. These panels 
aid .in quick appraisal of process.conditions by displaying the various 
pieces.of operating equipment.with interconnecting flow lines in the cor
rect; relative positions. The control instrumentation is graphically . 

. represented at the point where the corresponding control of the process is 
· actually effected. 

The control rooms provide for centralized control of the diverse plant 
operations. The headend control room is used for fuel dissolution, feed 
preparation, acid recovery, and other related batch operations. The sol
vent extraction and most continuous chemical processing operations are con
trolled from the central control room. The control rooms for N and Q cells 
provide protected, centralized control of the plutonium conversion and the 
neptunium purification facilities, respectively. These two control rooms 
are located below grade near the actual ·operation. · The power control room 
provides control of the basic utilities for the plant such as ventilation, 
water, steam, and compressed air. 
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·. 6.6.1.1 'central Control Roil~~:·-fhe·;general lay6ul d(th'e central control 
· room, containing 17 graphic panels, is shown in Figure 6-72. Schematics 

of the process streams involved are· shown on each panel. These panels 
... provide data transmittal· and control instrumentation for the following 

·• plant systems: · 

ti•' ... _,. 

;-
.: '., ., . ' 
-:--• 

Panel Board. 
Number 

B-l · 
B-:-1 · 

. --8~2 .. 
8-2. 
B-3 . 
8-4 
8-4 · 
8-5 

···8-6 .. 
.B-7 
8-7 
B-7 

-8-8 
B-9 
.8-10 
B-11 
B-11 · 

. B-12 
B-12· 
8-13 .· 
B-14 · 

· B-14 
. B-15 .. 
B-15. 
B-16 

B-16 
B-17 ··. 

_Systems. 

First decontamination. cyde . 
Backcyc·~e. waste· concentrator/.· 

. ( E-H4) . 
Partition,cycle 

Second plutonium cycle· 
. Third plutonium cycle 

Final uranium cycle 

Backcycle waste (TK-FlO) 
:waste concentration and 

treatment 

·Organic system l 
.Ammonia offgas system 

: Fire protection fire-foam 
Organic solvent system 1· 
·organic system 2 · · 
~ffluent monitoring 

. Organic system· 2 
·Process/condenser vent .system 
Auxiliary panel board ( sump 

level; fire-eyes in cells) 
Continuous air monitor 
Second neptunium cycle 
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6.6.1.2 Headend Control Room~. Th~ general ,:layout of this control room, 
containing 10 graphic panels, is shown in Figure 6-73. These panels pro
vide data transmittal and control instrumentation for the following plant. 
systems: 

. Panel Board 
Number 

··. A-1 
A-2 
A-3 . 

. . A-3 .· 
<. A-4 

A~4 
A..:5 

A-5 
A-6 

·• A-7 
A-7 
A-.8 
A-9 

A-9 
A-10· 
A-10 

Systems 

· Backup facility 
A dissolver 
Metal solution.· 
B:. dissolver· . 

-·Metal ·solution· (D.4} 
C dissolver 
Metal solution (05), 

accountability point 
Dec 1 ad waste 

HA-feed preparation tank 
Acid fractionator 
Waste concentration. and 

. treatment (TK-Fla,· TK-F8) 
. Atid·storage (TK-Ul, TK-U2) 

Laboratory waste 
Sumps 

·:,..; 6.6.1.3 Power Control Room. : The power.control room, having seven. 
graphic·panels (Fig. 6-74), contains· controls for the.building ventilation 
systems and .instruments for uttlity metering. 

Graphic panel boards are providedfor each of,the four ventilation 
systems. Instrumentation fo·r the ventilation. and utility systems in this 
control roan. is located as follows: · 

·. Panel Board 
·Number 
. H-1 

· H;2 · 

-·. System 

Laborato~y ·ventilation system 

Laboratorj:'venhlation system. 
Steam pressure -recorder, canyon .air dewpoint, and . 

temperature recorder . 
- ·Trouble .lights for following· systems: 
· Demineralizer · -

·High-coolfng water temperature for compressors l, 
2, and. 3 . · . · . _ . 

. · Low-leveLalarm still-=storage tank .· 
- Refrigerant compressors•;Kl-2:-l and Kl-2-2 · 

Loss·of air-flow• to ·counting room 
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· -Number . . System 

· · H-2. Canyon and process.·cells ve·ntilation system 
. -Raw water pressure· gauge 

· __ · _H-5 

Sanita.ry water pressure .gauge 
-Steam, high-pressure. heaqer, , pressure gauge · 

, Canyon and process· eel l. venttl at ion system. . 
Stearn pressure .. gauges and l_ow-pressure alarms for. 

Jaw-; medium-, and -high~pressure steam headers 
.'Proces·s air pressure gauge a,nd low-pressure alarm 
Breathing air ·pressure: ·gauge. and ·1ow.:.pressure alarm 

. , Instruf)lent air pressure gauge -a_nd low;.:pressure. alarm 
Bearing. temperature of· exhaust.fans · 

.Sample gallery ventilation·system· 
. Low-pressure -raw water alarm and pressure ,gauge 
,_ Low-pressure sanitary water alarm and _pressure gauge. - · 

-·_._Low-pressure samp·le vacuum '( vacuum)· ·al arm and 
pressur~ gauge· · · · 

Service ventilation system · 

. _Sanitary, water flow recorder 'for east and 
Jnstr·ument -and .process -airf-low recorder · 
Steam flow,~ east, ·west, anci' .. blower room· 

· Raw water_ flow, east arid west ·headers 
-Process air compressor status· 1 i ghts 

·• 

. . . 

west.headers 

06.6~1.4 N-Cell Control Rooms. The-N cell processing operations are cor1-
trolled ... remotely by means_ of instrumentation in the shielded control rooms . 

· locateci'one above the other, along the north walT ·of N ce1-1 ;· The general · 
layouts of the N cell. control rooms are shown in Figure 6-75. ·shielding 
windows are installed in the south wall of the lower .control room and the 
south ,and ~ast walls of the upper -control room. Shielding provided by the 

· __ control room w·alls_ and viewing windows, in conjunction with the glovebox 
shielding panels, is suffi!=ient to ree14ce exposure to less than 1/2 mr/h 
to personnel in the control,room.- Contamination control-in the control 
rooms: is facilitated by supplying all ventilation air for the glovebox room 
from 1:he -PR, corr,idor via the control rooms and by air locks at the doors 
between· the glovebox room and the control rooms. 

. . - . . . 

. , · The, ~pper control room contains the_ controls· and i:nstr-ument.ation for 
· -the plutonium conversion-,operations and the standby power panel for 

N cell. Since most of the routine· processing operations ~re controlled 
· from-this control room, it is continuously occupied whenever'the plutonium 

oxide production facility is operating. , 
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The lower control room contains the·c~~trol's and instrumentation for 
the plutonium oxide rework operations and the HVAC and normal power 
contra 1 pane 1 s. , · 

The layout of the process control panels and power controls for the 
N cell operations is .listed in Table 6-32 • 

. 6.6. 1.5 Q Cell Control Room. The Q cell control room and its relative. 
location with respect to the rest of Q cell is shown in Figure 5-12. This 
control room, used to control the neptunium purification system, is ·not in 
beneficial use. 

·6.6.1.6 Dispatcher's Office. The dispatcher's office serves as the main .. 
corrmunkation and personnel movement control center within the plant·. 
Figure 6-76 shows the general floor plan for this room. 

The plant .dispatcher's office provides the following services: 

• Recipient of all safety/environmental alanns ·where further 
immediate action is necessary · · 

• Logging and controlling access to many controlled high-risk 
radiation zones 

· • Sampling interface with laboratory via computer tenninal for 
analytical requests and results 

• Communication access to the plant via call bell, paging, two-way 
radio, evacuation alarms, etc. 

• Secondary control for radio-controlled locomotive in railroad 
tu"nnel. 

Alarms locatea in area R-l (see Fig. 6-76) are for the following 
systems: 

• High- and low-le·vel alarm drain tank, filter 2, main ventilation 
system 

• Green fuel alarm, 

• Controlled door status~indicating lights 

• CAM high-radiaton alarms for offices, services and laboratory 
areas, P&O and sample galleries, and N cell -

• Sample building radiation monitors 9 high-radiation alanns 

• Cell .fire alarms 

• Hot-bearing temperature alarm for main exhaust fans 
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TABLE 6-32. Process Control Panel and Power-Control Layout • 

. Panel board 
number 

A 

B. 

C .. · 

o·.· 
E 
F 

G 
... H. 

I 

. J 

K 

·.a 
'p 

R 
·S. 

.. T 

· System· 

Upper·.control room . 

Oxalate predpitation . 

· P~ecipitation, ~alci~ation 

Pu(N03)4 ·feed andprereduction 

Pu(N~3)4 sampling/storage· 

Filtrate .. and_ ·condensate treatment, vacuum · 

Filtrate· and :condens~t~. treatment and storage . 

· .. Filtrate and condensate treatment, . vacuum;· vent 

HVAC panel 

Radiation and CAM panel . 

Powder sys_tem pane 1 · . 

Proportional. (flow· controller cabinet) 

Lower control· room· • . 

. Rework::panel. (ANN-K.f 

iBiender valve cle·anfog controls . 

·r· 

Product lo,adout microcontrol ler 

Product loadout motor starter panel · 

Product :loadout: ~ontro ls ( CL-PL} - · 
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. • Loss of air-sampling vacuum. · 
. . . ' 

Alarms. indicated in area R-2. (see Fig. 6-76) give indication for the· 
fol lowing systems: · · · 

• · Failure of. steam condensate .pumps 

1 .Qverfiow;,,of· steam condensate catch tank. 
. - . . ' . -,- . !: . 

• . L~ 1 l s_um·p alarm •. 

• .All liquid and· gaseous efflue·nt alarnis, indicating high radia-.· · 
· tioti, system failure,. and. di version status -

• · High;,.sump levels for .. th_e ammonia scrubber, chemical sewer, and .. 
proces~' condens.a_te caissons 

•• · High:-WF: in• TK~P6 _· · 

•. Criticality. alarms. . . ··_. . .~ 

· Log records. are kept for all persormel .entering_.control led high-risk. 
· radiation zones. Control is- exerci.sed through electrical .and key-operated.·· 
. door, _locks. from ·the di spate her' s: off ice~. Information about radiation zone 
status· is obtained from zone radJation instrumentation and from-periodic 

.. surveys :by Radiation Monitoring personiieL . The ·1ower .level of area -R-2 
· (see Fig. 6.,;.76) is used for control of workei:s in the restricted areas of 

the plant •. Examples of some of\these .systems follow:. ·. . · · .. 

... -.•·.Electric l6tk control of the outer railroad' cut pedestrian gate~ 
whic.h is a·lso padlo~ked·.by _Secur{ty :. · •. · 

·, 

• Electric loc·k control of the railro~d gate, which·: is .also pad
locked by .. SE!curity 

• :Electr.ic lock control bf the inner railroad cut pedestr:-iarigate 

• E·lectric inter:Jock cont~ol .of th"e railroad tunnel door' 

,• ~lectric lock contra l ·of .. the ra.i Troad. tunnel pede~trfan door-·_ 

• Electrk interlock control- of the horizontal tunn'el ventilation 
con.tro 1 doo.r. 

: Th"is '<::antral panel has: i~dic'ator ::lights ·for the ·position 'of gates, 
tunnel doors, and other entrances to. controlled .areas. There is a closed

. circµit:·television in-.area R-3 (see Fig. q-76) for the PR dock,. and for 
· the .railroad cut, giving, a v.few of these particular areas: in the dis

patc_her's _off ice. 

·. 6~263\ ••. 

· .. •· ), 



I. 
! : _ ...... 

, , . SD-HS ... SAR.:001 
. ·REV 3 .· 

·Ar~~ 'R:3 'of the di~patc·n:~r'.s: ;otffe~':;i.fso ~orit~i nsi/ttie.'call~- b~il sys',.. : 
tern. and :private automatic' exchange (PAX) crash · alarm ,.system. · The ·second- · 
ary control. panel for:- the radio-control led locomoti v·e in the storage 

· tunnel is in .area R-5. · •, __ -· 
-_ •. . ' . ·. . . 

' ' ' The dispatcn·er is responsible for scheduling sampli~g-activites with 
.... the· sample team· and transmitting ana·lytical sample. requests to. the . . · ,, 

·. Jaboratory.:· . . . . . . 

,, .' ' Ir, the case cif a nuclear excursion jn the proces~ -.cells, the ·~adia~ ,' 
a tion .recorders. located i11 area R4 _:of 'the dispatcher's :off ice will giv~ arr. . 

. · ·-:alarm, ·location of the :accident,. the· i.n'tensity of: the radiation Jt;ield, ·and 
_ >the- duration pf the .occurrence. ·· The emergency ·procedures for .. t'his· event;· . 

as: _wel 1 .as: evacuation; fire, and exp'losion, -are :descr-ibed :·in the emergency 
. p.roceclu,re mariua l. { 29) · · · · · · ·· · · 

·_··B:<···.: - - : - - . - .. 
·a~ : ·6.6~2 · Sqfety Criteria and. Assurance 'for· Control Rooms .. 

'.~·i ,,•6.,6~2.l 'Industrial .and Radiation'-s-afety~ •·· Pe.rsonnei. ·.safety in the __ :control 
rooms.· is maintained by admin1strative controls and requirements, such-'as. · 
general -'safety· rules,- SOP, and. standard. industrfa l practices~. 'Protection 
agai!Js t . airborne. c_ontami nation -is discussed in ··Chapters 4 .0 and 5~0. , 

·!",-~ 
', ~~1;,··' 

. ~~:~:·-
·- ~--

P~otection·'.of_personnel against exposure· to radiation:is. discussed:inS:· 
: Chapters 4:.o 'and 8.0. , ·. . . - . 

··:-- .. 

•· - ,,' ,,,·,·,' '6.6~2:2 ,-tire'Protection~ The-fire hazard assocfated with the·control .. 
. :· rooms is low :because. of the low inventory of .materials that.would· support' 
.• . ...-c'ombustion,. , The· combustibles consist of ,.the insulationon,the electrjcal 

wirin·g, small· amounts in the furniture, and -thee small ·amount of paper pre-:· 
... , ; sent_ ln.,the form ·of procedures, records, and ·necessary reference material. 

:·ftre,•protection .in.those areas th.at·are either·con:tinuously_:or frequent-1,Y · 
·_'(several :Jimes per shift) occupied by operating personnel (:i.e.~ headend .· > 

· ·control _room, central .control room, power controJ room, _and dispatcher:-'s ... 
·· office)_ ·is: based upon detection- by the occupying personnel and nottfic.a-. i ·· 
•tion of theFire'Department ,by manual activation of a fire·alarin.switch. 
Fire protection in those _areas (.i.e., N and Q cells). that may not be con
.tinuously. occupied· (e~g., during nonoperating or shutdown- periods). is pro
v_ideci by .an •automatic sprinkler system. Section .5.4.8 .• 6 contains .addi- · 
tional discussion :of fire p.rotection systems.· 

' • • • • • • I • ' • 

' ' Contror·rooms and ·operating areas· are not-generally evacuated in, the', " 
-. event of a fire ·in a distant or remote area, unless the fire threatens the 

. safety ·of the operating personnel. Thus, 'fires occurring in the pr:-o- • . 
: cessi ng areas ·{in .'.the _:absence of a concurrent. earthquake)· would: not inter- .. 

rupt -or disturb_ the, operating_· activ~ties in' the, control rooms- because :of ,··' 
~xisting physical barriers~ . . . 

··Fires· that occur in the control -rooms· could :affect operations of ·other 
. .·• areas of the· pi ant and the affected systems would then need: to be con-

. :_.-trolled or, more. probably, shut down from'. another location~:_ The instrument· 
.and equipment-systems used in.controlling the process are designed to be 

··. ·6~264 · 
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11fai 1 safe". (i.e., loss a/'~rr'e'ssent·i~ 1 service<s,~dt·~s' :a·i r or electricity 
, would cause. the system to shut down .in a safe manner). In additioni a 

number of the proc;esses can be controlled.or safely shut down·from the P&O 
.. '. gallery. Since the five control room areas are in different sections.·of . 
. . ·:the building (see Fig. 5"'.14 and-Ref. 5.;16) a fire· in any one would not, 

· normally cause disruption.of the otherso This separation would allow 
· importan_t shutdown operation.s to be impl~mented in the other locations. 

. 6.6.2.3 Protection· from Natural ·'forces. , The headend control room, central 
· control· room, power.control room,. and_ d1spatcher 1 s offke·are located in 

the 202-A annex. This structure would -likely be. severely- damaged if nat- · 
·. ural forces. ( see Section A.2) of the ;magnitude defined,. by_ current criteria 

were to:"occur~: Containment;· however~. is ·not expected ·_to be compromised, : 
and access to the P&O gallery would be possible, allowing s·afe shutdown 
from 'that location.·. The instr·uments and equipment are designed to fail· in 
a safe manner, as described previously~ so little'. or no effort should be .. 
necessary to shut down .. the system safely~. The N .and Q cell control rooms , · 
are located in the 202-A building itsel_f, and are as resistant to- natural 
t'orces ·as the processing areas .and systems 'serviced. ·Shutdown· of process-· 
ing activities in N _and·Q.cells.could be.accomplish·ed safely and without· 

. difficulty in. the.event of a.natural .forces occurrence of ·the worst cred-

. · ible_ magnitude. · · · ' 

6·.6.2.4 Criticality Prevention~ . Nuclear· criticality excursions are pos
sible in the radioactive processin~ a~eas, including N and Q cells~. These 
areas are all distantly located from the control ·rooms and dispatcher's .. 
office in the. 202-A anne·x, and ·personnel in ·these· control areas would be .. 
protected; by _the shielding, contaimn.ent, and confinement. barrier·s described 
,in Chapters 4.0 and 5·~0. Emergency response _procedures will be followed .. 
to evacuate personnel from the 202-A bui-Hffri'g~ and. annex in the event of a 
criticality excursion •. Key op_~rating and· Radjation Monitol".'tog personnel., 

· could safely· effect'" a safe shut.down of. the proces·s (at th~ direction of· 
-the_emergepcy director):from the;·control roqms in·the annex.(31), .- ... 

. - · The N and Q :cel'l ·control· rooms are lo_cated adjacent to those respec
tive processing areas, so· are-more vulnerable to a nucl.ear criticality 
excursion in those areas. :The·.·control.rooms are ·shielded 'from the respec
tive work areas. in accordance with the- design criteria' in Chapter 4 .• 0 for. 

·cont.inuous occupancy~· Th.is• shielding-is inadequate to.protect personnel, 
for continuous·, occupancy du·ri-ng :a triticali ty ·.excursion, but woli.l d. provide 
sufficient· protection for rapid. and' orderly evacuation.·. The plutonium· 

'. c;on~ersion. sys.tern .. is provided· ,with capability for ~emote safe shutdown of· · 
equJpment~ (32.)- • .- .· . 
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6.7.1 Protess Samplers 
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· • Three types ·of ,facilities for obtaintng,.process .. samples are located· 
. in .the· PUREX. sample gallery'~ The· three types d_iffer. in p1ping. destgn _and 
· shielding requirements. All three use an ·air jet to p,:-ovide vacuum to. · 
lift the process so)ution to a sample cup. · The ·solution is• circulated·: 
through_ the sample cup back.to the orginating process vessel •. To overcome 

. ·the high 'lift requirement, an orif.iced air bleed ·into the sample suction 
: leg prov1des an •airlift effect from the: tan~ to the sainple station. • 

:t,~1, . , .... ; The ·type 11A11 ·sampler is- shown .in·•Figure.6-77. · Highly radioactive.•· ... 
•·;c::::j •::•solutions.from containers, ;such as· met.al sol_ution '. storage· tanks, ·dissolv- , · .. · 

· '>-~; •. · ers, •·and high~ level waste vessels, are· sampled by .means of. the Pl)REX A · ·· 
, ,,, sampler· foriHanford remote pipette) •. The. remote pipette is fi.lled and. · 

•-~··_·· discharged hydrauJically by ·an ·operator protected from di.rect radiation:b.Y .. · 
'. t-g_ : a .sh-ielding barricade. A measured,. small:volume. of'.sample ls ,dfscharged. •. · <' 
· · • into. a .. small bottlecontaining·,a measured amount of dilution solution.in·:a . iz ·:-· ·shield .c.arrier •. Sampling stations equ·ipped with an-A-type sampler .are. . 

·provided to sample the vessels .listeq in Table 6-33. ·. In addition; nine -of•'·/> 
· .. these ·stations have. a .secondary·circulation cup ·a_nd ris·er ·assembly' for. · · · 

obtaining· ~amples from the ·cell. sump.·. · · · · 

. ··.,·. 'The 118", ... typeSampler ·(shown in . .Fig. 6-78) 'is ,used.on moderately .. 
·. radjoactiv'e· sampJes·. These ·samples are ta.ken ·by means of the capillary'. 

. . . . ·,., tube and, bottle. sample".'; which. holds about 5 ·ml. of ·solution.. The :vessels · 
·:-··:;".>.'.-or streams listed i.n Table 6-34 are ·sampled with _a B sampler. 

,. . ' . '• ' . . . . . 

. . . Ten sampl fng stations, ·as· s'hown in 'Table. 6-34; are provided :w,th 
.. in line equipment (one photometer,' a nitrite monitor, and .eight · ·· . · ... " . 
· scintillation meters). Some in-line equipment is. run ·continuously~:·some ·· 

· only at the time of sampling •. ·Three'.samplestations provide a s.econd · 
.·r,iserfor sampling a·cell'sutnp. A.sump sample is taken .in-the s·ame manner 
·. as a. standard ·sample, ·except that' the sump sampljng, valves are used~ 

.· . . •, . . 

. The C-typi{sampler is u~ed for. very low.:.level radioactive solutions ' 
and uranium product •. : It_js simil_ar· in piping·.to .the B-type, but is housed 

· in a sheetmetal enclosure. ··.rhe vessels•,listed :in Table 6-35,have C-type . 
. samplers •. ·. - . . ·. · 

. .. :The PUREX headend .accountability measurement system at .the D5 position : 
. has, in addition to an .A-type sampler, a shielded facility, or hot·cell, 
.:for tak_ing and ·ahalyz.ing· ·bulk ·samples of dissolver,.s~>'lution from TK-D5.: 

· ·. This facility is a heavily shielded cubicle ·located in the PUREX sample,· 
.· ,gal.lery, between the D4 and D5 sample hoods. · It is about 5 .ft high by : . 

· .. ,·6 ft wide by,5 ft .. deep (.inside dimensions), and is equipped withmanipu-·· 
. lators ·and· about 6 in. of lead .shielding on the front wall. The side 
walls. butt directly against the concrete of the sampling stations •.. There· 
-is a 'hinged access door.(about l_ft2) and a leaded glass viewing·window· 
(about 4.ft wide by 2 ft.high by 6.in. deep) on the .front of the cave. 
All ,existing utility penetrations are· located at the rear -of. the .cave, and 

•• ·inter.ior- lighti_ng :is at the .top~•· 
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··TABLE 6-33. · Ves~el,s·'Equ.ipped with 
TYPe A Samplers:: 

Vessel . 

TKO:A3.dissolver 
. - ·,. 

· TK-B3. 'dissolver .. 
tK-C3 diss.olver 

· · TK-D2 ·coating· waste· receiver 

. T~-D3 m~tal: sto~age 
. TK-D4,metal:storage· 

. TK-D5 metal. storage (CilVe) 

, TK-El centrifuge ··slurry tank . 
. TK-E3. ce"i:itrif uge :feed . tank 

. TK·-Es· coating·. waste tank . 
• TK:E6· HAF makeup ... 

; TK-F8 ·waste rework 
' , 

·. JK.;.flO 3WF tank 

JK-Fl3 utility tank 
·•. TK-Fl 5 lWW denitr~tion ·tank 

TK.:.Fl6 lWW de!'litration ·tank. 

TK..:Fl8 · cell drafo.age collector . 

TK-F26 lWW · receiver tank . . 

, • TK~G2 10W tank ... 

.·TK-GB o,rgan'ic wash· was,te 
TK:..Hl. HAF ·tank 

T -H2 . HA column w'as te 

6-268 .. ·· 

•,Sump. 

:sA .. 

SB.' 
· .. ·•. SC 

·. SFB 

-,SFA 

SG 
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1/3/8 in._ OD BY 0.050 in. ID 

SAMPLE CUP AND RISER · 

TO JET 

FIGURE 6-78. Type B Sampler. 
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TABLE 6-34. Jessels Equipped witfr 
·Type·B ··samplers~ 

Samp.ler: 

· F3. 
:,FS 
Gl 

.. Gs· 
·.·. -G7 ' * 

•H3 
H4 

. -Jl .. 
.·' J2 ', 

'',<J3* .. ·,' 
· .. J4 * '•, ,, ' : 

JSA* 
JSB 
J7 
JS 
J2l ··. -
J22 . 

· J23-l . 
,, . ,· ', J23-2. 

Kl* ... 
· K2' 

K3*. 
K4. 

. KS* 
. Ll 

L2A* 
. ·L28* 

. • ·. L3 
·L4* 
LSA 
LSB 
L6 

.· L7 · · -
···.·_ Ml.-· 

'Q3 
Q4 
QS. 

-.. •Q6 
... QB 

Vessel/stream •·· 

· TK-F3 'HN03 .receiver.iAAA. · 
. E""'.FS condenser/AAD · ... ·. ·. , · 

. TK-Gl lbF tank .· . 
TK.;.GS ~ lOO tank 
TK-G7 100: stor:-age 

c,·.T-H2 column/HAP · 
. E-H42- condenser/3WD .·: · ·.: . . ··-

TK-Jl 3WB 
·Np.storage 

·. lBXF tank 
·,ssu -stream. 
. rnP stream . 
· 2AF -tank . 

: T-J7 lC·column/lCW> _· 
·• T-J7 lCU . . . 
Tk~J2 l. 2NF· 

.. T-J22.· 2NW 
· · T.;._J23 2PN~ sump -SJ 

_ T,;.J23 2PW _ _ 
·. · ,TK-Kl 2DF ·tank_· ·- _ . . -· · 
· - :t,;,K2 20 ,column/2DW, -sump: SK 

T-K3 2E. column/2EW. . .·. 
T,;,K3 2E co lumn/2EU . . . · . 

. TK-KS 2EU , receiver - . -. . 
-T-L 1 · 2A· column/2AW~ '_sump SLK
T-L2 28 column/2BW. 
T,;,Ll 28 column/2BP· 

. TK-L3 3AF tank . . · 
·T-l4 3A column/3AW · 
T-L53B column/3BW 

. · TK-LS 3B column/3BP 
· Condenser/PSD · · 

... Condenser/PCD . _ 
.. TK..;Ml decontamination ·tank . 

·: .. : __ ,.. .. :, __ . 

TK.:Q3 ·makeup and-• feed ·tank/3NC, 3XF ... 
-T-Q4 3X ( ion· exchange} column/3XW ·: ·. · 
TK-QS wash waste/3XW - . . 
TK-Q6 neptunium· product tank . 
TK-Q8 ·sump. waste ' · 

· _Equippea with an·in.;.line-monitor., 
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Sampler 

J8B 

.K6 

Rl 

R2- .. ·· 

RS:: 
R7.. 

RB 
Ul 

· · , U2 

U3 
U4 

U7 ·-• ·. 

ua 

. ; . . 
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TABLE 6-35.'Vessels Equi'pped. 
with Type C Sample~s. 

·._ Vessel/stream 

_E-J8-2/l UD 

TK-K6/UNH product 

TK;.Rl/20F 

.. TK-R2/2QS . 

TK-RS/200; .. · • . 

TK_;R7 /200 

. . TK-R8/20W .. •. 

· TK-,YUrecovered HN03 
.TK~U2/recovered HN03 . 

TK"'.'U3/laboratory .waste 

·TK-U4/laboratory waste.· 

.. ·. r1<~u1T~u6. pur~e . · 

TK-U8/AFD · 

216-A~TK2 Catch tank for stack drainage 

,, 

. Soluti(>n is pumped from TK-05: foto .a .sma_per sample tank located above. 
TK-05'in the.cell •. The-solution ov·erflows back into TK-05, circulating 
through· the sa,mple tank. for .about J;5-min to·ensure ·that the solutions ·in 

:the two· tanks are of the. ·same,. unifonn ·consistency~ A small streani .is·_ . 
· thenccirculated. through.a samp.le bott1.e· in•th~:·cave by mean~ of an air jet•· 
in 'the cave •. After a circ_ulation periocfof lO to .20 min, the bottle is . 
r,emoved and ·capped. Aliquots of the··sampl~ ~re used for process control~ 

. · as well. as accountability input measurements. .. 

··., 6.1:.2 . Analytical Laboratory ·, 

. The PUREX analytic'a]· laboratcirYis< located near the east end 'and on 
'the north side of the .202-A- bui 1 ding~, The analytical. laboratory consists, 
· of seven laboratOry rooms, a couriti ng room,, and off ices· arranged as shown 

on the floor plan (Fig. ·6,;.]9). The laboratory. supports the PUREX process 
on a 24 h/d, .7 'd/wk ·Asco shift basis.. . . . . 

. When the PUREX process .is operating~ the laboratory sample workload 
is about 3,000 samples per• month, with a total of· about 10,000 assays ·p.er 

.month not caunting,standards~ .. referees/9r.: reruns.{27~30) Most process· ·: 
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control sample·s .for PUREX are liquid'~ :•A·telatively small number are solid. 
(i.e., the particulate air samples; samples of solid absorption media, and 
the plutonium product oxide or oxalate ·samples*). The• types of analyses · · 
performed on liquid samples include special ·nuclear material contents, FP 

· content, various. impurity determinations,. chemic'al makeup analyses and SG, 
visual_ appearance, and l!leasurements of various process control parameters, 
_such as acidity~ nitrite and_ fluoride.. . · · · 

' , 

· . The a~alytical measurement accuracy· is determined by· analysis. of a 
'. minimum number of standards-simulating process soiutions._ -.· Random -

selections/of process :s~ples are. independently remeaslired·to. determine 
;.the analytical measurement precis{on> Monthly and -quarterly reports are· 

_ issued summarizing'.the statist·ical evaluation .·or the accuracy and· 
·. precision estimates.-. · · 

The following 1s a listing ·of the previously achieved accuracies and 
precisions .for selected PUREX sample ,points. ·In.this .cas~, 11 accuracyn is 

•·the.fixed _error or ''bias" _of the method as· determined by appropriate.· 
·standards~ and 11precision'! is the total random error. associated with 
.sample analysis based on the reproducibility of results of a given sample·. 

·. betwee:ntwo individu,aJs.:.- · ·· ·· · · 

Sample Pofot ·. Determi'nation .. Accur·acy _ Precis.ion 

D5 
D5 
L9 .· 

. K6 
•· / lBP 

•Uranium . · 99. 9% -
Pl utan ium 100 .6%. 
Plutonium . 99. 7% . 

_·Uranium_, : <~,1,01.1% 
: ~Alph·a tota.l ·· .. · 100.6% 

,+l.0% 
+To.a%· 
-+l .2% 
. +l .2%' .. 

+3.0% 

. These datareflect the wo·rst~~ase situations. 'The methods fo.r headend 
and-produtt measurement of both piUtonium anil uranium •wiil, be changed to . 
n~wer state-of-the-art techniques whi_ch should. improve accuracy and 
precision. 

-. • _The concentration·'o_f uran,ium and transuranic elements .input to the 
process is measur~. in samp,les -from the feed acc·ountability tank (TK~DS). 
The. conc·entrations of the solutions removed from ·ttie pr;-ocess are measured 
in samples· from TK-K6 for ur:aniuin, M. cell vessels- TK-M3, -M4; -MS and .,.M6 
for piutoniur'n, and TK~Q6 for.nep'tunium (when.required). The bulk of the 
waste losses. bf uranium arid: the transuranic. elements is measured- in . 
s~mples from TK-Fl5, i:K-D2/TK-Fl6, TK~Fl8,., and TK-E5. All- other output 
streams are. sampled and measured· prior to removal from process. · 

, '" 

. *p Tutoni um, oxide iand qxalate :samples wi Tl not be ana 1 yzed at, the 
PUREX·laboratory;'· The~e samples will be transported .to the Plutoni1,1m 

· .. Finishing/Plan_t· Laboratory for analysis.' ',., 
., : - ,' •·. .. .. :·. •. ; .. 

:.~ :~.--
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The volumes of the sci-lut;i,oni ,-in the tanks, are det~rmined:: by'.'.d~n;ity 
. · .. and dip tube :manometer: measurements- us,-ng a .prior calibrationof'the tank 

With -water~ ·For neptunium, the we•ight of the solutiQh is measu~ed-.using . 
· calibrated ·scales~ , · ._, · · - · 

- '.,.- formal programs are ih effect to·-ensure-reliabiHty .. of a~alytical_ ... 
'. measurements and process sampling/. The 'difference.betweeri'the beginning 

and ,ending physical. inventories adjusted :for. alT receipts: and .removals . is. _ 
· calculated at the end of every c·ampaign ( about. _3 mo.).· · If this· iriput/output 

· · jnventory 'difference. i.s larg·er than the me.asurement ·.uncertainty at __ the _95% .. -: · 
. ·.cpnfidence level, an investigation is made to. determine ,the_ cause of ,the 

· , : discrepancy.· · . · · · , . _,, 
'. . . ' . ' . ' 

< , ... - .: ·>·'some ~f-: the major laborator,Y equi p,ment us~d,i besides _the. sl~ndard.hood: 
: -~- _· · · · ::equipmen~ (beak,ers, stirr-ers, .· heat 'blocks,. trap. bottl~s~ · etc•~:),::tnc)udes.: 

f"'-;..,_:·
~: .. 

'. ,· ,_· ~; · .. 
' - €1~· 

;·~---· 
.··-~J·.· .. ~.:-

;;;' 
~"',, 

.-, 
'. ,, 

• ·--Semi remote .pi petter 

·_. • : · .. pH· meters · 

·; ,, .Tit1tators, consisting· of-delivery bure't, electronics bo·x·, 
recor;der, and dig ital read.out-· -

'-. • · .. Dens tty' meters . 

• •· · F.l uorophotometer- . 

t .. Laser f luorophotometer ·: · ... 

-•. • . Ahsorpt ion spectrophotometers ' 

_· • Gas- li quid · chromatograph - . 
. . 

: • -·,Dionex .ion chrOIJ)atograph 

- '. Inductively .coupled p.lasma ·spectro.meter (-ICP) 

: • ., Drying oven · -

• •-• '._w,e, gh i ng. ba lan~es 

· • lnter:im sample .storage vaults·.· 
. . . . . . . 

. • -,Ge( Li) gamma detect.ors and-:peripheral · electronics . 

•-- Silicon alpha detect~rs .and peripheral_.el~ctronics ,· 

:,· Alpha proportional counters.· 
. '' . ' ' 

. . . 

: • . Low~le·vel ctlpha-beta counter . 

0-214 

' . . . 
·-_ ,-, ! ,.1 
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• ·Automatic data· processing .equipment·;-.·'> 

• X-ray. emission .spectro~eter :{post startup)~ 

: 6.7.-2.1- Sam~le Receivin9. Thec;arriers used ·for samp1ing PUREX.process'· 
_-samples.are of three bas1c types: type A, 11 Gilmont 11 carrier for samples 

with· high- beta-ganma content; ... type B, 11 bayonet11 bases for intermediately · 
radioactive samples; and _type C,- glass and plastic bottles. of various · · 

._ .sizes. (25 to 100 ml)· for. lo~-levef-and_ cold_ samples. __ -In addition, the .-
neptunium. and. plutonium nitrate, samples .. are received in a 25-ml pl as tic 

__ bott.le inside· a .sealed ·plastic- ba·g •. ,The- sealed•bag ... is- in a 1-pt card-
: board carton with the_ lid· taped· on._ . 

- -. ,;. ' 

. ·The-~eusable. Gilmont and·· bayonet car;iers are prepared_ in the labora
:,.tory; app·ropriate dilution' reagent~ ar:-e placed in the Gi1mont· vials. The· 
· _ carriers :are ·then labeled/ placed on··a dolly, and sent downstairs on the --- -· 

dumbwaiter i_n room 54 (samp1e receiving ·on the floor plan). ~ After sam- -_ 
pling,·the loaded. dolly is.sent back up on the dumbwaiter. Type B samples 

- are loaded into special racks on the dolly to avoid tipping and spillage. · 
' ' . . . . . . ·-

-_- - 'When first received, samples -are· surveyed for: dose rate and any , . 
_ external ·contamfnation. · If ,the·_: dose ·rate so- dictates, the sample pa·ckage , 
· is transferred to a shielded carrier(. Samples with high radfotion are· - - -__ ·. 
_ accompanied by-Radiation MQnitoring. personnelwtJenever the wholebody rate·--
: could ?e expected to exceed JOO mr/h •. Sample·if with any smearable contami-
nation on the external surface of the sample .container are returned to the· 
sample gallery for decontamination. ·. · 

.•. . . .. . . . . ,,,,. 

-•- 6,. 7.2 .2 Sample Handling. Dollie~ are used t,o transport samples and di_lu-. -. 
tion __ vials between laboratory rooms.: · Absorbent,:·.plastic-backed,,-labora.;. · -.-. 
tory paper is used on the -dollies to .facilitate cleanup of·:any spi-lls~ As· 

--_stated·in_the pr:-evious·~ection"~;;racks for type B sampl~s are used to avoid 
,-spillage. The number·and-placement of-samples on any given dolly will·b_e 

determined by. the weight of· sample containers, the·total dose rate t_d the'_-_· 
laborat.ary worker: and ·also. by criticality prevention -considerations. -

The usual precautions :taken-:wheri--working.With ha_zardous chemicals are 
observed when working --wittf .laboratory s,amples. The samples are opened· and 

· analyzed in a.fume hood.,<.·>'·: - · · --. · 

. High~radiation sanip:les'.c;an be loaded •into a shielded hood facility in 
room'50. 'Preliminary·extr4ctioi;s,and: sample dilutions can be rriade on. . _ 
these .samplesjnside this--shielded ho_od .using remote.or semiremote to~ls 
and techniques-._ The prepared: samples•are then transferred to another··. 

: appropr-iate hooa ,for furt.her treatment _and _analysis. · · 

_ Iritermedia,te- and- low~lever·sampi.es are ·hand:led in reguiJ~ fume hoods 
·with annport windows.·· Appropriate shieldi·ng and shiel~ed tools.are used: 
_where necessary JO' red!.!ce dose -_rates to_ the- hands and body •. · __ · 

_ ' Cold (norir~dioactive).' samples' are handled· ·eithet- on the ·laboratory 
bench tops or in hoods,. depending on the analysis. · 

I 

. ,.;.: , . 
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6.7 .2~3 Sample· Disposal. ·samples are· vac:uum transferred '( s·lurped);i~. the· 
decontamination room to .eithe~ TK-FlO, TK-U3, or TK-U4, depending ori the ·. 
sample.· A 11 samples containing· any significant amount of· urantum o·r,trans- .· 

•· urariic material are transferred to TK-FlO via a dedicated line .. and a:· liqu·id 
, tran'sfer ·jet, wh•ile all other contcfflli nated _samples go to TK:.,;U3/-U4~ · ·,Trans ... , • 

... ·.: <fer;of solution from .the laboratory into .PUREX process vessels is coprdi-
. nated with PUREX management:.whether or not there is ,significant- actinide ' 

,;~t 

·.~;' 
.. · \(k 

. •,' ~;• .• 

. , _,, .. , .. 
. ~j•'. 
... ~~ 

-~,--.. 

. ·. content. .. "the solutions-must be coinpatible·with downstream p'rotesses, so·, 
· · . the chemic al composition of. the aqueous solution must be. known~· as~ well -as . 

,whether organic' materials may be present~ , · ' · .,., 

.:,· : ,Transfer of significant quantities of ,plutonium::(greater·th~r, ;,;5 g) : 
into the· backcycle waste system (TK-FJO) is· further :restricted for JK-FlO 
critic.al,ity prevention~ Pr_ior to the :transfer; PUREX management' ni.lst'.con..:, 
firm that sufficient-volume:and 'acidity exist-in TK.:.flO to ensure dilution 

· and ade<:Juate acidity ~f the -resultant solution. · ·. , · , , . , 
. , . 

·.·.6.7.2A ..• Waste Handling and Disposal~, 

~.--

1, .~, 

6.7~2~4 .• 1 · Solid ·wa;te. All laboratory ·solid wa~te':is treated as 
cont·amtna.ted·and loaded into approv.ed drums· with plastic- liners·.•··.The 

· waste·.is .surveyed ,and packaged as necessary before loading:'.foto the·waste •· ... 
drum •. ·,,w,aste froni· hfgh-·level 'l,-eta-ganma: sources, such as the' shielded hood .. ·. 

I 

·_.:_·., .. _ . 

facility -fn room'SO~ is Joaded;into· a shielded·.trans·fer,dolly using' long . 
··.tongs .. to reduce· dose rates. : The waste -is sto.red, i.n a drum in the cubicle 

' marked ·"hot w~ste storage~" . · · ·.· · 

. . • .· .. . . . 6.7.2.4.2 .:Liquio· Waste.··. Laboratory• .liquid waste containi,ng,stgnif.i~ 
. cant quantities of uranium, transuranics, or FP· is vacuum t'ransferred to,·· 

TK-FlO ~ Waste of. this nature, ... inc.Judi ng very small.quantities .of acetone 
·(used for drying· pipettes) diluted with water.and acid, is acc•umulate~ in_ 
a .vacuurri trap bottle and transferred to TK-FlO 'about once a shift·. 'The · 

·balance<of the liquid· laboratory waste,; which contains only trace ·. · .• 
· <quantities· of fissile material; ·is· discarded to waste tanks ·(TK-U3/-U4) •. : 

·. . _-. . ' . '. - . . ' . 

6.7.2.5 · Laboratory An.alyses and, Equipment. . Table 6-36 is .cl c·urrent· > 
• .. listing.·of the., various.analyses performed _in the PUREX- Laboratory,,as ·well 
:·· .as the expected hood location and equipment used.· . . . 

6. 7~2 .6: :· Laboratory Hazard Analysis {. -Designed .safet.Y f eatt.ires and ·,adff!fni:- ·.• .. 
.. ·.:_. strative c:ontrols ·reduce the probability of serious acc,idents in the .lab-· · 

:. oratory to the ·minimum practicable. · Criticality prevention speci_fications 
for the .laboratory tnclude a ,mass limit of less than. 250 g per.hood; the• 

. : ·total, laboratory mass i_s controlled'. to less. than 399 g of .fissile .material •. 
··.·•The laboratory hazard analysis is:given in .Table 6-37. 

·. 6-27.6 
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TABLE '6.;;36.,·· taboratorii,''\J\Aalysesl:taca'.tion 
and Equipment. (Sheet l of 4) 

Laboratory 1--Room 50 

Hood number Typical determination(s) Type of samples 

1 

2 

3 

3A 

4 

5 

6,7,8 

9 

10 

U, Np 
U, Np 

+ -Free H and OH (titration), pH 

Dilutions--miscellaneous high
level (beta-gamma) work 

Pu--IDMS 
Pu--IDMS 

ICP operated-general metal im
purities 
u 
Specific ion electrodes 
F-, CI-, Na+ 

All 

All 
A 11 

Dissolver solutions 

Dissolver solutions 
Dissolver solutions 
All 

Dissolver solutions 
All 

NOTE: A list of major equipment for laboratory 1 follows: 
· • Acid-base titrators 

• Semiremote pipetter 
• pH meters 
• Plutonium chemical assay 
• Titrators · 
• SG meter. 
• ICP. 

· 6-277 
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·TABLE '6-36~· · C,t'boratory,A,:ialyses-~Locatfori',-.. 
· ; , and Equipment~: . ( She~t • 2 of· 4} .. --· 

•. Laboratory·2 .. -Room·s1_· 

Hood,<numb~r- Typical determ'itiafion,(s) · ·Type of samples ·--- _·, ., . ,. . . 

11, · 12 : U by fl uorophotometer 

l3, 14 

::'Js· 
. J6 

Spectroph'otometric<analysis:for · 
U,Je;N,i,'Al .. ··-. 

Pu breakdown , 
Density. ·and Pu qilutions 

Waste.~ .low _le.vel U 

, _MefJ furn ,; and,. high : l~~e, · 
U,':Head. end: ·· · . ·.,., ., ... 

L~9;. M-3 .. ' 

.:'High_-level Pu 
. -· . 

17,18; Spectrophotometric analysis,.Pu I ·L'-9:,·M~3 

NOTE: (1) A ·list· ~f · major eq~ip~nt. for la,bqr,ft;ciry 2 follow~:. 
·. • ·Two .spectrqphotomet~rs: .. -
•. Fluorophotometer · 

· •'.· D_ens itometer · . _ . 
•·. Analytical balance; 
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. ·· .·.TABLE .• 6-36)': '{a,6or~t<fry\l\~~]y~;~•~::JEoiatibn 
· and Equipment. :(Sheet.3 of 4) . .· . . 

· Laboratory.· 3--Room 53 

·. Hood nlJllber Typical determi nat.i on ( s) . 

23· _ Np and-· Pu by sol vent extrac'!:ion/ 
· alpha· total 

24 . Alpha. total~ total beta,·. gamma . 
. , energy,analysfs mounts · 

. . 

·. 25- · Flaming. 111qunts .. · 

-~·- 26'. Np and Pu by sol vent extractfon/ .. 
,;;::'. · : · al pha tot al .· · · 
-~ ·.· .·• + -·.·+2 
~:-. - · Bench top . AMU; .H , Fe , OH-, 

·'""""""'· pH,,· sulfamate ,: 

Type of samples 

Process·samples,. 
exc~pt K4/K~ · 

Process, some product 
waste 
All mounts.·requiring ·. · 

· flaming ·· 

· ··_K4, K6JUNH product) 
.. -UNH f ram U03 

A 11 co.ld makeups · 

-~, .. · 

- "'ht,wm .NOTE: . A list ,of major "equ1pment for laboratory 3. follows: 
•;:'ij~:,: · • -Titrators-

t, , - • Dens itom~ter 
· · . _ • . pH meters. · 

•· ·Dionex 
• Analytical balance •. 

"! :::. : 
. •.t· 
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Hood number 

33-34 

35 

38 

Hood number 

27-30 

32 

SD-HS-SAR-001 
REV 3 

TABLE 6-36. Laboratory Analyses--Location 
and Equipment~ , _ (Sheet 4 of A) 

Laboratory 4--Room 58 

Typical determination(s) 

X-Ray analysis Spares 

-H+, OH titration (backup) 
Np, Pu extraction (backup) 

Decontamination--Room 52 

Type of samples 

Uranium 

Major operations 

Slurping samples and dilutions, cleaning sample-carriers, 
.high-level sample dilutions made in caves 
Weighing disposition filters, sample carrer preparation; 
interim sample storage; contaminated equipment storage 

NOTE: Major equipment in the decontamination room consists of an 
analytical balance, a drying rack and a ultrasonic cleaner. 
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.TABLE 6-37 •. ~Proc,ss Hazi.rds An1l>1sh--S1mple-~ilyttcal. ( Sheet 1 of ·2·) 
.''. : -3,- . : 

Syste111 or' 
subsystea 

iwe.A gll11ont1 · 
' ',,-. 

Type B bayond 

' Type c ·glass · 
bottle.s. 

' 
Acid h~ndltng 

Pu(N03)4 . .. ·_ 
. (L9 sample) ·· _ • .. 

(H Cell Sllllples) 

o;.s pig 

Solvent stor- · 
age 

Gaseous stor
age 

- Energy 
(hazard) 

S,-nple with high
level bet1-gi11111~ · 
content · 

SMlples with sign
If lcarit alpha~ 

. beta-giii1111i content 
•. . . . ' ~' ' , ·. 

'._ ." -,·,.-... ·: ,_ > 

. Slfl1)1es with sign~ 
If leant alpha-· . 
beta-91111111 con- · · 
tent, but' lower In 
beta-gwna than • 
_type B 51111) las 

'conce~tr~ted a~ Ids 

Pu.·lhlgh concen
tration), ·. . 

FP {high concen
trat Ion) · 

Flammable solv~ 
ents . 

F hmm ab 1 e gases 

.. 

U~anted ener~ f lo~ · Consequence ( lnmedt11te) Barriers (du lgn. 
ad11lnlstr1the · > (Incident · . ·. - and/or 11econdary). s~f,ty devices; etc.) 

_Sanple .carriers 

Splll--carrler Is tip,.· 
ped and leaks sa~ple 

' i : . 
Splll-,-tlpplng of 
carrier • 

Bre~kage of contilner .• 
(dropp~d on floor). . ; . 

o·ropptng of gallon bot-. 
t le_, on floor re~ult Ing. 
In breakage and sp I 1,1;. 
age· · · · ·: 

Spill or drop on.floor 

Spill or drl_p o,:i floor 

Fire· 

f I re, high pressure 

'ROM ind pel'.'sonnel cont41111-
natlon; personnel. exposure · 

Rolllll ~nd perso1,1nel. cont11111;. 
mated · · 

' ' " 

. ·Personnel cont1111lnated; cuts 
fr0111·g11ss;·posslble Inter~ 
nal deposlt_lon 

Carrier design (low cen-
. ter of gravity. reduces 

probabll.ity of tipping). 
.administrative proce- · 
dures; pr'otectlve cloth-
ing· · 

Racks to.hold bases-~ 
prevents tipping.' ', 
adlllnlstr1tlve pro-· 
cedures:. .. . 

Equipment: dollies. pad-. 
· ding, etc;i at1111lnlstn
tlve ·procedureSi protec- -
tlve clbttitng · 

·-- ,·· - . ',._ ·-

Fire hazard If, organics •r~ Training; administrative 
present; acid burn to per-· ... proceduresi saf~ty. · 
sonnel: cont11111in.a~lon spread· bucketsi protective 

. ' 

Room and personnel contml
nated: possible lnterlal 
depos It Ion· 

· Spread of contmlnatlon, 
physical Injury 

Chemical .expos_ure1 f I re 
damage··•· 

Fire damage physical Injury 

cloth~ng · ·· ·. · 

Equipment design (sample 
carriers): Adlilln_ pro
cedures: protect Ive ,-
c lothlng . 

Handl Ing procedures, WOl"k 
flow · .· · . · 

System ·design; admlnh
trat I've procedures; pro
tect Ive clot~lng 

Same as above 

Same as a.bove 

J 
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TABLE 6-37~ Process Hazards Ana1ysU ... -Sample-:Analyt1ca1. '(Sheet. 2 of 2)· .. 
System or Energy Unwanted energy flow .Consequence (tmedlate) Barriers (design, 

admlntstratlve subsystem , (hazard) (Incident) and/or secondary) .. safety.devices, etc.) 

Slurp hood In Pu, and fission Blowback of the slurp Shutdown of laboratory de- System design; admlnls-
decont111ln1tlon products high cona system or spill, con~ contamination operation• trative procedures 

tamlnatlon tact and/or Ingestion possible evacuation of tab-
oratory area and curtailment 
of some process s~port 
function, personnel expo-
sure to contamination ' 

Sample receiving Pu and FP, high Transfer cart tip-over Curtitlment of laboratory Cart design; admlnlstr&-
contaml nat I on or failure operation to clean up spill, t Ive procedures 

personnel exposure to con-. 
tamlnatton 

' 
waste dr1111 Ac Id-soaked rags . Flre--Pu and FP 1 con- ContMilnatfon spread. lnhal- Administrative procedures 

discarded In waste tam1natlon spread 1tlon of radioactive mate- fire sprinklers 
dr1111 with Pu and rial. shutdown of labora-
FP tory, fire damage 

ICP Plutonium, fls- Loss of ventilation Personnel eJq>osure to rad- Shut down hood operation; 
slon products by failure of ICP ex- latlon and contamination evacuate premises 
contamination haust system and Hood 

Ventilation System 

X-ray Gener- High level X-rad- Escape or loss of Personnel eiq,osure to But Id-In equipment 
atlng Equipment tatlon fr0111 X-ray control of X-ray beam X-r~ radiation; burns safety locks; admlnts-•p-r-, Emls- tube trat tve procedu_res 
son Spectra~ 
meter) 
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6.8.l Functibnal Description 
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. •;;;: :.--.\ 

The concentrated UNH is col l~c-ted and batch-transferred from TK-K6 in 
the PUREX canyon to the 203-A area for storage in-one of four holding tanks 

(TK-Pl; -P2, -P3~ or·,;,p4). On occasion,·uran.ium solution to be.reworked . 
in the PUREX p.rocess is also stored in ·the 203,;,A area.·. Usually, an inven- -- ·.-.• -

- tory ·of cold or''c lean ur:anium<nitrate solution is· also_ maintained for use ' · 
as"startup -feed solution". - . 

' . 

. '. :. The 203:..A· facilities-.inc-t~de equipment for ·loading- and unloading tank-.. 
. ·.trucks,·, wt:iich are used to snip_ the urany.l nitrate t_o the U03 Pl ant ( 224'."'U). 

-•~ .. • 6.8~2 Major C_omponents • 
, __ ••• ,:~:_::- !I 

--~,,-,·: ___ ..,, ._-·.-

CQ·· ·
-~~ 

. '.~lru;, 
-~~1~ 

~c:-, 

·it 
?'.·~"_, 

_ The -203-A-:f ici l ity ·co11si sts· of four 100,000-gal stainless stee 1 tanks. -·. _ 
in_ individual -concrete basi.ns. The :tanks ·are interconnected via pfpi ng and 
a pump staticm to permit,:intervessel tran~fers, recirculation of the con- -- -. -
tent of· a sing le tank for mix-ing,- qrid loading ·of ·tank trucks (Fig. 6-80) ._ .. · 

· L_ocated in the P2 enclosure is a smaller, -15,000-gal,. stain_less steel tank 
(TK-P6)' for storing· and,:concentrat.ing UNH solutions.-_ TK-P6- is equi'pped wtth·;e 

_ an offgas treatment system, consisting of a ·condenser,_·d~entrainer, filter,·· -
- sampler, -and -steam ejector; Conden~ate ,from TK,;,P6 concentration is _ _ - .. 

collectE!d in TK-PS, a tank _also. Jocated in.the P2,enclosure, from where its· 
content' is sampled and·can.be·jetted to. waste tank Fl8 ·or the chemical sewer· 
header •. All piping and "tankage are-.fabricated' of type 304L, stain- less ·· 
steel • · . .. · . . : -· · · 

, 

Utflities and services ,fa~ t~e 203-A facility are. provjded by .. the main, 
2'0_2 "."A . supp Ty sy sfems •-- _ • 

.. : . 
6.8.3 Safety Criteria· and Assurance 

. .. ·,~. 

_. , _ The 203-A. faci_Hty 'is .a radi-atfon zone, and all work performed ··requires,, 
- :·protective clothing as, speci{ied by-·radiation work: procedures·~ In the event 

of, .gross ,spill age, UNH poses signif,icant ch.emical. hazards to personnel,· but·: _ 
_ , relativ'ely negligible rad1ologica1:,ha+ard. :S/jillage.:or pipe, leakage. - · 

-·, ·,., ... ; associated with,- a:storage_ tank.would,be contained within the tank concrete 

:· : . ';:' ~·. , .. 

'. ! .:·; .' 

' 

· enclosure. Leakage fro!'l a .transfer .1 i ne to- or. from the 202-A PUREX canyon,
woul d. be. contained: with'in the concrete pipe chase~ ,Overflow-from a truck· 

__ tank car durin·g f-illing would-be.localized to_:the platfonn and .collected in 
-- an, i nterna 1 sump fron:i whi_c.h the ov:erflow can fie routed bac_k- to the storage. • ·-

tanks~ Table 6-38 -presents .the hazard .analysi's for uranium product · 
- handling.' . . - -

' 6-283 
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, . Energy . 
(hazard) 

· ·· .uranium 

· · . so;..Hs~sAR::001 ·. 
·· REV: 3 

· Unwanted energy· 
. flow.· (incident)•· 

.. Leak during trans-·. 
· fer to 203-A: area 

· Ove'i'flow/leak while .. 
... 'fiJ.ling 'tank~t····. ' .. 

: Stoiage·. t:an~· :leak_ 

· i Consequence 
· ( immediate and/ 

: or. secondary) · 

· · Chemical hazard 
· and possible 
contamination 

Same 

Same . 

Barriers (design, 
admi ni strati ve · · . 

safety devices, etc.) 

. Encasement; account'-
ab.i l ity. . 

Sump volume measure~ 
ment; visual . 

· .· observation . 

Parapet walls and 
. sumps 

~;~> : 6.8~4 .· Operational·. Control.' 

;~•: , .. The .. UNH .soJutio.n is nieasu·red ·for accountabi 1 ity irior ·to transfer 
~··· .. ·· . _froin TK-K6 to a storage tank ·ii, the 2.03'.:-A ~rea~ · Volume and assay measure-

.~"'' · ments are perforrned; Tran_sfer:s from 203-A area P tanks to tank trucks are 
measured by initial:-final volume ··difference in the shipping P tank •.. · 
Accountability is determined at the receiver.tank located ·at the·· . 

.. · .. ·U03 Plant •. A~countability for tran~fe~sfrom· th·e .p tanks to.TK-E6 ·is· 
usually determined, at TK-~6. . · · 

, . ·' : . ,'' . , 

Tank coil. conde.nsate·s and waste solution~ from the 203~A area sump . 
, are collected in ·the PS tank, samp·led and, de,.pending on the radioactivity, 

routed to either the chemical sewer of to- th~ 202~A building··canyon fpr : · 
· ,further processing. · 
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7~0. 'WAST( CONFINEMENT AND MANAGEMENT 

. . This chapter is a discussion ·of the systems and controls for·confinihg 
and managing the waste material generated as a byproduct of the Plutonium
Uranium Reduction Extraction (PUREX) Plant operations. Both radiological 
and nonradiological wastes in the gaseous, liquid, and sol id forms are 
included in this disctission~ 

7. l WASTE. MANAGEMENT ~RITERIA 

Operation of 'the PUREX Plant is in .compliance with nationa:1 and_ 
local standards for radioactive waste management and -environmental 

._,,. protection·.( 1-13) This is accompli'shed by the preparation of ~nd com-
- r,,o·· - - · p 1i ance with Rockwell Hanford Operations {Rockwe 11 J -standards. l 14, 15). 

-• ~t Rockwell's policy is to manage radioactive and nonradioactive waste in a 
· ·· -_ ,,_ manner minimizing the associated risk to _man and the environment over the 
· -:e:;:. -··-•effective lifetime of such waste. · · 

Ir"-..!! 
. r-'\""l 

.. -~ 

Q-..., 

Chapter 4.0 .(Section 4.3) _of this Final Safety Analysis Report (FSAR) 
delineates the safety design criteria· for confinement, equipment control, 
criticality, radiological protection,- and handling and storing of radio
active waste. Section 4.3 also contains design criteria for i~dustrial 
and chemical safety relatjve to nonradioactive hazardous wastes. 

7.1.1 Criteria for Control of Airborne· ·was·tes 

The PUREX Plant airborne eff luent·wastes are discharged from exhaust· 
· /. - ventilation stacks (see ·Sections 5 •. 4, 7.2,· and 7.3). These effluents con:

tain. a mixture-of radioactive_ and nonradioactive gases, which are evaluated 
on separate criteria. · · · ·· 

-: 7. l. l. l - Standard~ for Control :of Airborne Radioactive Wastes •. -· The· 
Rockwell effluent standards for _permissible radioactive concentrations are 
those of Tables I and II- of Reference 3.( 14) Table I concentrations 
were derived from the dose st_andards _for. workers continuou·sly exposed for -
a period of 40· h during ·a work week. Table JI concentrations were derived· 
from the dose standards for members of the general public continuously 
exposed for. a perfod of 168 h_ a -wee_k.-

• The:_ airborne radioactive r~leases to the atmosphere wi 11 be 
limited to as low as reasonably ach_ievable (ALARA). -

' -· ' . . . 

• · In no case wi 11 the annual -average rad ionuc 1 i de concentrations 
'in ground-level air at the Hanford Site boundary exceed Table II 
guideline values,- nor. will th'e arinual average radionuc]ide·con- __ 
centr:ations in air at ground· level within the Hanford Site -
boundary exceed Table I guideline values. 

• _ The weekly average concentrations ·at· the ·site: boundary and· 
within the site shall not exceed-four times the-.Table, II and 
Tabi'e C concentration -limits,· respecti_vely. -

- - 7 ... 1-
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• -The· maximum' instantaneous cond:!nt'ration.'·:ht efflue~ts -released .t~ 
the .environment will not exceed 5,000 times Table II -values •. 

. 7.1.1.2 Standards for Control of Nonradioactive Airborne Wastes.'. The . 
only si gmf-lcant a, rbor.ne wastes gener.ated by the .PUREX. PI ant are oxides-: 
of nitrogen and ammonia. Emissions of ox ides of nitrogen wi 11 be con- _ 

. trolled to limits established by the. U.S. ,Environmental Protection:Agency 
· '(EPA) as outlined in Table 1~1.(7)', Ammonia has no established release.·· 

limit; however, the· limit set by the.American Conference of Governmental 
Industrial .Hygienists for occupational- exposure(l6) would apply jr there 
were ·to be exposure to personnel. · · · · 

. JABLE 7-1. Oxides of Nitrogen· Emission ·Limitations. Pl 
-· Concentration ·Mass emission - .. 

Source _dry basis (vol%). kg/d. · 
rate_ (t/yr) 

, ' 

PUREX Plant NOx · 2~0 · l, 160 -
absorber exit ,,_ 

-Main stack ' ' 2',250 424 -. -

7. l.1.3 Criteria for Sampling and Monitoring of-Airborne-·Effluents. 

7.1.1.3~1· _ ~ampling Crit~ria for ~adi~active Ai~borne Wast~s. · 
·. Sampli,ng criteria for radioactive airborne wastes- follow. 

• Sampling systems must be provided for all airborne wastes which 
are normally or_p_otentially contaminated at levelswhich may 

-, exceed 10% of .Table II concentrations on an annual average-basis • 

. • Sampfing systems must provide representative samp.les to enab_le · 
_ accu.rate measuremen'ts of radioactivity. A sample ·;s considered ·· · 
.representative if the average stream parameter being·measured 
occurs in the sample in the same average·proportion as it occurs 
in the environmental discharge. 

· • - Sampling systems an.d the analytical laboratory must ·be .. capable 
.of extracting and-analyzing a sample at a concentration level at 
least as lo~ as 10%-of Table II. . 

. - 7.1.1.3.2 Monitoring Criteria for Radioactive Airborne Wastes. 
Monitoring and alarm systems shall be provided for airborne waste systems 

:having a potential for-contaminant concentrations meeting or exceeding · 
:four times Table I values. This requirement does not ·apply to effluent 
· that h~s no reasonable potential for exceeding the annual average ·con

centrations out.lined in Section 7.1.1.1. , . 

Effluent streams must be monitored for each type of radiation or 
radionuclide that has a potential for exceeding the preceding concentra
.tions unless. unusual increases in one type of radioactivity or radio
nuclide are accompanied by increases in another monitored type. -

7-2 
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7.1.1.3.3 Air Sam lih · and M6~itorin · Cr~t~r~i f6r 
Airborne Wastes. ac cont1nuous a1r mon1tors A s a e prov, e 
for n1trogen oxide and ammonia for those stacks which release these pol-· 
lutants in any significant concentrations. Such monj19rs must meet per._, 
formance criteria specified in 40 CFR 60, Appendix B\ J for those 
pollutants called out therein. 

Nonradioactiv~ ajrborne waste sampling is in accordance with EPA 
reference methods.t17J 

7.1.2 Criteria.for Control of Liquid Wastes 

. . . Liquid wastes generated by the PUREX Plant are both radioactive and 
nonradioactive. The radioactive liquid waste is classified as either 
high-level process waste, low-level process waste, or very-low-activity 
aqueous waste. Descriptions of these wastes and manner .of handling follow. 

1 High-level process waste contains 99% of the fission products 
. (FP) and, thus, has a high-heat generation which requires 

cooling and/or removal of strontium and cesium prior to long
term storage. The storage of this wast~

1
i~ explained in the 

Hanford Environmental Impact Statement.l BJ . 

1 Low-level proces·s waste .contains most of the remaining FP in a 
dilute form. This waste is processed by evaporation to con
centrate the radioactive material which is. then stored as 
high-level process waste. 

• Very- low-activity aqueous waste ·contains radioactive material at 
a concentration near or below Table I values. This waste may be 
discharged to the environment for percolation into the ground or 
evaporation. 

Nonradioactive waste must be disposed of in an environmentally accept
able manner. 

7.1.2.1 Standards for Control of Radioactive Liquid Wastes. The con
centration criteria I isted ,n th1s section are based on annual averages. 

• The principle of ALARA shall be applied to the treatment and 
release of.all aqueous waste, including the ammonia scrubber 
waste and process condensate. 

• Radionuclide (except 3H) concentrations in liquids discharged 
to ground (cribs) will not exceed Table I guideline values. 
Transuranic [(TRU isotopes above uranium in the periodic c~art, 
and 233u)] nuclide concentrations in these wastes

3
will not 

exceed Table II guideline val11es. The impact of H released 
from PUREX upon the environment has been determined to be 
inconsequential.(19) · . 

• Radionuclide concentrations in liquid discharges to open ponds 
or ditches will not exceed Table II guideline values. 

7-3 
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' • ·. hiJersion, cap';b·i'tity ·~ill b:e·' ~~ovla~tF;¥o?cohti~uous· li:q~-id.(jis- .·. 
• charges ·to- open ponds_ ·and dit¢hes· (c:ooling· water and, .chemical: - ·· 
· sewer). :Jn the event of h.igh radioactivity ·in: one•'of these ·· · 

' ·. '.,,,:~ .: · .. , 
'; .' ,-:. 

· ·streams; it will. be diverted to· a·retention .basin~ .. The d,iverted. 
'material would then be reprocessed. for addjtfonal":decontamination 
if required_'based on evaluation of sample ·analytical results~.·. ;. '. · ... 

• , Separable liquid organic wastes ·containing radionuclides. will 
not be discharged to the. ground~ · · ·' · 

: :·•· Nonradioactive 1 iquid streams shall not be added to radioactive·
streams for the sole purpose of complfance ~ith.i:oncentration 
limit.s.. · 

••· '7.l.2~2 S1:andard for-Control of Nonrad.ioactive liquid Wastes.· 

7. l.2 .2. l · Sanitary Waste. A 11 sanitary -wastes sh_aJl be disposed ·of. · 
·in· an- environmentally acceptable manner. · 

. _'_7. l.2.2~2: Haz~rdous· waste •. , 

· . •->The discharge of' hazardous waste ·or hazardous s'ubstanc~s through 
· ... 1 iquid effluent stream~· shall be controned to ALARA ·levels. 

, e :-concentrations Of toxit and deleterious material shall be :below ·.· . 
:.those·:of public:health signifkance·or t_hose whfch. may cause·. 
acute· or chronic to.xic ,conditions to the biota. · · · 

•. Liquid<organi~ ,.waste. sh.all' not 'be discharged :to .ground·in- a 
-~iidi.oact-ively ·contaminated -area.· ,·. ·, 

... : 7.1 •. ? ~3 _Criteria· for Sampling and MQnitorin·g of Liquid Eff.luents~ · 

• Recor:d sampling systems must be-provided for-radioactiye•ljquid 
.effluents that normally or potent~ally exceed JO% of ·the·con- . 

_ .centration _values. in Table H· on a yearly ave~age·. · 

. • Potentially contaminated liquid· discharges will b~,-either 
·fl) proportionally ·sampl~d arid measured for flow. or (2) batch 
,accumulated,' analyzed~ and measured, for volume prior _'to . · · 

· ·.·d,ischarge. ·· · · · · 

: • Sampling .of 1 iquid ·streams where required for radioactive. or 
n,onradioactive pollutants shall be performed in· ·.a .manner that ... _. 

·provides· repr·esentative measurements of volume. and, concentrati<>n .·. 
of pollutants r~leased to the environment. 

• Automatic, flow-proportional sampling shall be warranted on 
1 iquid effluent streams where ·the flow or the poll iJtant concen- · 

'trations fluctuate." Dip ·(grab). sampling shall be. acceptable in 
cases.of a batch discharge or where the pollutant.discha.rge is· 
due to a nonroutin~ condition~ 
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• The measurement 'of i~lume,i flow;•~;~t:r"'~·6tiutant concentrations, . 
etcG ·should be made at: the point which most closely .. represen_ts 

·what is being released tQ:the environment • 
. ' . . . . ., . ' 

•-··Potentially. contaminat.ed continuous liquid ·discfrarges shall be 
; continuously monitored and have sampling systems to assure ·. 

: accur.ate assessment. of routine and nonroutine releases. These 
streams will have. continuous flow measur~ment with totalizing· 

. : capabilities. · -:. ·· · · 

•_···specific nucJide\ana1yses, on;· radioacti~e~contaminated~ liquid: .· 
waste effluents,•are ·to ,be performed· whenever. the concentration- ' 
of·:alpha~emitt·ing· radioi1uclides··exceeds••l0% of the Table· II.· .. 

--1 imit .for 2,39pu or the concentration of beta-emitting. rad·io-
:. nucl ides ·exce.eds 10.% of Table II 1.imit for 90sr. In addition, 

the mont~ly composite· samples ·of l iqiJid effluents to cribs, . 
. ditches, or ponds.will. be ·analyzed to.determine 3H and nitrate .. · 
·(nitrogen oxide) concentrations. - · ·· · 

. . ' : . 

. ·7 :.1.3 Radioactive: and Nonradioactive· Sol id Waste. Management Criteria' 

. .• Solid wastes· shall b~ segregate~ acc:ording to type and .stored or .. 
disposed of.according to established standards.,.The.volume- of solid 

' wastes_ to be. dispos_ed shall be minimized.·. 

· 7 .l.3.1 General Requirements~ . · 
. ' 

•. Radioactive waste containers shall .. be. surv~yed. ~~.- the facility 
generating the waste •. txterior. surfaces of the· waste. package -: · 

· shall~ be free of smearable contamination .or have contamination . 
fixed with-.ail adherent fi·lm (except for TRf wastes} or contained 

· ~by additional.· packaging·.. · · · · · · 
• ' • f 

., • An .assay to· determine the fissile cµntent of the ·waste shall be , 
-performed on those· wastes. which ·are generated by 'facilities where 
"plutonium, 233u, 235U"; or other fissile material could be 
,present .in significant quantities. · · 

, .. , .. 

· · • Incompatible·or ~ighly. reactive mater-iaJs ·shall. not be pa~kaged 
in•the, SanJe:waste· container. . 

• ·•· Noi fl ammabl'e jbsorbed 1 iquids shal 1 be. disposed .of in caissons.*. 

• Unreacted alkali metals-shall not be included with solid wastes -
·going .. to· radioact.iVe·purial grmmds.-· 
. ' .. - . - . 

• Ra~ioac1;iv~ solid was~es wHl · be shipped •in• appropriate con
. tainers{20J that meet U~S. Oep:artment of Energy (DOE)· 

requirements~, J ,. · · · · · 

: : *undefground-~ :up;ri~,h~:,: cy:ltndri,cal,· encased, was,te _storage S:truc,ture.-· ' ' 
. . ' ~ ·. . ' . . ' . ~ ' . ·-t·: ' ' ,._ 
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:.\ .:7.1.~·,.2 ' :Transuranic. waste·.Storagef' " , : ·,. , , ' ,, 

·•·:A spec'ial, segreg~ted waste ;Storage ·a·;ea shall be .provided for·.·' 
· . all so 1 id wastes containing or. suspected ,of conta~ning:.10 n(>i of .. 
·:. TRU contaminatio,n per .gram :of solid .waste, includJng the .sorbing . 

and :Packaging material. :Maximum· we1_ght an·d. package-size· restric:.. 
;t ions apply;· J.e~, dilution' .,with non:..TRU ·waste . i.s esse~ti ally._ 
ruled out. , .. · · ·· · · · · 

• 'The; TRU wastes to be stored shall ,be packagecl according:"tp ·: 
. ·.DoE..:approved. mett,od~.. . . cC 

. e ·.·· The. integrity of the :packif1·~r: ~ont~•iner.s 'shal, · -be ::such that.:the . 
. packages. ca·n be .readily retrieved· in an intact, conta~ination:.. 
. free condition· for _20 yr •. > -· . . · 

·• Conibus'tible- and .noncombustible ·TRU soi id was:tes .shafl:,:be···. · · 
. -.· ,pac~aged. and stpred .separately • 

e,'.Small items ·shall.be .'stored:on '.an asphalt pad ,or·,Jn· trenches_ or: 
caisso,ns. in the 200 Ar'eas. after being pa~kaged in. approved· 

,con:tainers. 

• . La.rge items of fa,iled equipment shall :be packaged fo approved:.' ' 
container.s and .stored -in• ·segregated TRU tret'lches or the PUREX · 
P.l'ant burial tunne·l ·.2. · · · 

·7.1.3 .• 3 Nontransuranic Waste·oisposal·~· The.non-'TRU,:s~lid, °iow~leve~ • .. · 
radioactive wastes ·.are- disposed of ,n .non-TRu· ·200 East and .west Areas -. · ·. · 

.:' dry-waste ·buri ar ... trenches._ · · · · ·· · · ·· · · · .. , · · · · · 

. · -Wastes. t~ be:·buri.ed are packaged accordtng -to 00~,;.approve_d- methbdf as· 
· specified, in R!iO~MA.:222.(15.) 

.•. 7.L3 .4. ,·standards for Disposal of Nonradioactive ·solid Wastes~ 

'. Nonr:adioactive, nonhazardous.wastes shall be dis~osed ~f .in the 
central: landfill. . . · · .·· ... _ ·· . >- - ·-. · · . · . · . 

• • -· Disposal o.f wastes._ at the ·ceritrit'l · landfill shall comply with 
.. ·. requirements ·specified -for -landfill operat·ions.PO) · . 

· .• • .·.:Radioactive, waste(3) ,·shal 1 not ~e. diipOsed' of -'in. '.the centrar. 
1 andf i 11 • · · • . · · · . . -. · ·· . · : · · · 

· .. 1 ·Nonradioactive ·hazar(dovs waste will. be handled in ac·cordance .. 
. wiJh DOE-RL 5480. 9 ~ 2 I J 

. _· , . 
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7.2 RADIOLOGICAL WASTES 

· 7 .2.1 Radioactive Gaseous Wastes 
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Table 7~2 presents the source, chemical and radiological composition, 
method ·and design for handling, and ·mode of disposition of all gaseous 
waste streams at the- PUREX Plant. · 

The .r~dioactivity.,.in the-pr,imary building (canyon} gaseous-exhaust 
·. stream, which includes the filtered canyon ventilation exhaust and the 

treated and_ filtered off gas. from · the fuel di sso lut ion process and the 
vessel vent system,- is. expected to remain at essentially the same level as -
during ~UREX operations, in 1972 G 

. ~··· In 1972, the plutonium concentration in the product removal (PR}. room 
.· f"'1; - _exhaust was typically 1.2 x 10-:ll µCi/ml compared with the Table I guide 

c~~ _ of 1.2 x 10-12 µCi/mLJ3} . This level was achieved with single-stage 
'"""""'· · 'f-iltration._ .However, the addition of the plutonium oxide production 

.. ~-: · · ·facility places_ added burde.n on- the PR· e)(haust' system and requires a 
__ , -'~.:...f _ · secpr:id stage of filtration. The second _stage of _filtration maintains the 

·~ .. __ pl~ton1um c9ncentration in.the.PR room exhaust to less than Table II 
gu1del1nes.l3) . --· ·. . _ .• · 

' .:··, 
The· radionuclide concentr~tions .in the gas·eous effluents' from the. PUREX 

Plant are determined by averaging the discharges from all stacks.(14) 
Table 7-3 compares the dfscharges_ in 1972 with the projected gaseous dis
charges and- the DOE_ concentration·.guides.(3) All onsite concentrations 

- are not only below Table I :values for• onsite concentration,. but are below 
the Tab le. II offs ite concentrat1 ans~ ( 3) _ _ •.·· ·. · . · · . · .. · -

In keeping with the ALARA phi\osophy/ all concentrations are reduced 
· to as low a value as -is technically and economically feasible. The 
_- Rockwell, objective i~ to hav~ discharge con,centrations ~t ~UREX bel~w the: 
Table I values at point of d1scharge.l3,14) Table·7-3 1nd1cates th1S . 
objective is met with the exception of the 85Kr discharge for which no · 
economically practical method of collecti.on is available. for. the PUREX 
Plant •.. The onsite concentration of 85Kr is, however, le~s than- the · 

·- Ta~le, I guidelf"e by_at least three orders of magnitude.l3) . 
.. . . -

7 .2..2 · Radioactiv~ Liquid Wastes ·· 
' ' 

. The radioactive liquid .. wastes from- the PUREX process can be grouped 
as high- level process waste,, low-level process waste, and. very- low-activity 
aque6us waste •. Tabli:7-4 ~resents the source, chemical and -radiological 
compositions, method ·and- design for handling, and mode of storage or dis
position for each liquid-waste s4ream classified· as highlevel or low-level. 
Table 7-5 presents the same information for all very- low-activity aqueous 

, ~waste.stream~. ·· 

7.:.7- ·, 
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TABLE 7~2. Gaseous Was~es from PUREX. 

System/source Stack 

Canyon exhaust 291-A- l 

NH3 offgas system · 296-A-24 

Burial tunnel 2 296-A-10 

PR room exhaust 296-A-1 

East sample gallery hood 296-A-3 

____ ,.-1 __ ._ •• ·----- - ----

Chemical and radio
logical makeup 

Air conta;inated with 3H, 14 c, 
85Kr, 1291, 131 1, beta and 
alpha emitters 

Small amounts of NOx and NH3 
resulting from process offgas 
system 

Air potentially contaminated 

with Pu 

Afr potentially contaminated 

with beta and gamma emitters 

(Sheet 1 of 4) 

Handling/filtration 

Exhausted air passed through glass
fiber bed and finishing filter. 
Backup third fl lter systl!m of t-hree 
stages HEPAa filter available. 

Exhaust monitored continuously for 
85Kr, 131 1, and particijlate radio
nucl°ides, Exhaust sa.'llpled for 3H, 
14c, 129 1, 131 1, and particulate -

radionuclide activity (see Section 
·, 

7,1.1.3.1 and 8.6.1.1.1) 

Exhaust air filtered by two stages of 
HEPA filters, and saJll)led and moni
tored for particulate radionuclide 
activity and NH 3 (see Sections 
7.1.1.3.1 and 8.6.1.1) 

Exhausted air filtered by single
stage HEPA and sampled for particu
late radionuclide activity (see 
Sections 7.1.1,3.1. and 8.6.1.1.6) 

Exhausted air passed through two 

stages of HEPA filtration. Exhaust 
monitored continuously for alpha. 

Exhausted air sampled for particu
late radionuclide activity (see 
Sections 7.1.1.3,1 and 8.6.1. 1.2) 

Exhausted air passed t~rough one stage 
of HEPA filtration. Exhausted air 
monitored continuously for beta/ 

gamma, Exhausted air sampled for 
particulate radionuclide activity 
(see Sections 7.1.1.3,1 and 8.6.1. 1.3) 

., 



TABLE 7-2, Gaseous Wastes from PUREX. 

System/source 

West sample gallery hood 

East sample gallery· 

·west sample gallery· 

White room exha~stb 

P&Oc gallery e•haustb 

·stack 

296-A-2 

296-A-6 

296-A-7 

296-A-8 

Chemical a~d radio
logica 1 makeup 

Air potentially CO!)taminated 
with beta, gamma, and alpha 
emitters 

Clean air; air can be contami
nated by ·accidental rele_ase 

Clean air; air can be contami
nated by accidental releases 

Clean air; air could be con
taminated by accidental. 
releases 

Clean air; air could be con
taminated by accidental 
releases 

(Sheet 2 of 4) 

Handling/filtration 

Exhausted air passed through one stage 
of HEPA filtration. Exhausted air 
monitored continuously for beta, 
ga1M1a, and alpha, Exhausted air 
sampled for particulate radionuclide 
activity (see Sections 7.1.1.3.l and 
8.6. 1. l.3) 

Exhausted air passed through one stage_ 
of HEPA filtration. Exhausted air 
sampled for total alpha and total 
beta activiti (see Sections 7.1.1,3.1 
and 8.6.1,1.5) 

Exhausted air passed through one· stage 
of HEPA filtration. Exhausted'air 
sampled for total alpha and total 
beta activity (see Sections 7.1.1.3,1 
and 8.6,1.l.5) 

Exhausted air passed through one stage 
of HEPA filtration. Exhausted air 
sampled for total alpha and beta 
activity (see Sections 7.1.1.3.l and 
8.6.1.1.6) 

Normally exhausted through wall venti
lators (EF-3-5 through -10). These 
ventilators will shut down and the 
air will be HEPA filtered and ex
hausted through the 296-A-B. stack 
and ECMPd in the event of air 
contamination in that gallery detec
ted by CAM 

, 
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Sysiem/source· 

Star.age galleri · 

·East laboratory exha~st 

West laboratory exhaust 

293-A building 

. - ' ' . 

TK-P6 (203-A)( vent) 

. · ' .. -. 

: rk-21&-A.:2 (vent) 

Gaseous. Was"tes: from. PUREX·. 
Stack 

. EF~l-1 

. 296-A-SA 

·-296,;.A-5B 

29~-A-:14 

296-A-15 

·. 296-A-16 

. Chemtcal and rad to~ 
. -•· Jogf,cal .make'11p 

. Clean-air; aJr'could be con
taminated tiy accfde~tal 
releases . 

. Afr po~entially contaminated 
with beta and garnria emitters 
and with Pu 

Afr potentfally ·containiriated 
with beta and. ganrna P.niftt:er~ -: 
and with Pu 

Mjsc~llaneous · 

.Clean air;··a1r could be con'
_tamlnited by _ac~idental . ' . 

releases 

.Clean ~1r{ air could be con
taminated by accidental_ . 

. releases . 

Clean air· 

Sheet,J.or' 4) .· ·, ' 

Hand11ng/f11tratli>n . 

. 'Normally,· ~xhaus,t~d ',th'rough e~haust ._· . 
-fan EF-3-1; CAM ir1s'taneil, to detect 
possibl~-~ff-stand~rd ~ondftfons~ · 

. Fan Is manually shutdown· 1n the .eii'ent 
~f- a rele~se • 

. Exhaust~d al·r passed 'through one 'stage 

. of HEPA ffltrat.lon;. continuous alpha.· 
monitoring; e~hausted air sampled 
for total_ alpha and beta acfv fty 

. (see Sections 7 .1.1.3. 1_ and : -
·,B.6.f.1.4) 

Exhausted_.alr pa~sed through o~e ~tage 
, of-HEPA ffl tration'; _ con~fnuous · alpha 
· mon.ftor1ng; '!!xhausted air: s~mple'd 
·_ .for total alpha a~d b'~ta activity 

(see. Se~tfons).1.1.3.1 a~d 
---~.6• ,1.1.'4) ., _; 

Exha~sted at/ pass~d \tfrough one 'st_age 
_ of HEPA ·,1 Uratfon; exhausted air - . 

sampled for: total alpha: ;fod beta 
· abt1;/1ty <'see· s;ctf-~~s 1.'1,1.3.Land 

B.6,1.1,6) :,:. _.·,·;: . 

Afr passed through deentr'a1ner and one 
stage of HEPA filtration · · 

-Exhausted air pass~d thro_ugh· 
· deentra1ner-

:-,.,· 
·:-i· 

. V'l.· 
CJ 

. I, 
·:c 

-;:a V'l 
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TABLE 7-2. Gc1seous, Wastes from PUREX. 

Steam -~ondensate pump 
. tai1k: 

TK 0 201. (coo I i~g· ~ate~ 
. P~P :tank( ' .·· 

-- .. ' ... 
v·a,cuum 11yiiip aischarge, 

Stack 

atti9ti efficiency 'pirticulate ·air. -
:bv_ent il atjo,~ ~;stem);. 
Cp ipe and ope~a-ti ng. · 

, · 0East.vent1iation/s;~tem .4. 

,. :·_' 

Chemical and radio-: 
logical makeup . 

Clean ai~; air could be con
taminated by accidental. 
releases 

Clean air 

Clean air: 

(Sheet 4 of 4) 

Haridi"irig/fl ltrat Ion. 

Exhausted air passed through one 5tage 
of HEPA.filtration 

None 

' , : ~ 
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TABLE 7-3. Pro ect~d-Radionutlfde Release_ in the Gaseous Exh_~~st ~rom; the PUREX. Plant~ 
1972 Actuala Projected .·averag~ ai\nual values 

.. ' o.rder5480:1, DOE Chapter XI 

. Average , _ 
. ' 

·• Average Average Onslte · _ Offlste · 
Rao .ionuc 11 de Annual Annu·a1 concentration. concentration . concentration ' concentrat ton : conceritrat ion 

-.- (Ci) · (Ct) at _the souEcH C ORSite E! .. at the site· . guide_ · -guti!e boundary f ·. ( Ct/ml) I _ 1 c11mLJ . ( Ci/Iii.) _ · -· ( Ci/ml)g · ( C.i/mlJ 

4.3 10-3 6,3 10-3 1.7 
,, 

10-12 10-17 1·0·-1_9 10-12 10~-14 Total (as __ X X X 4,7 X 8,9 X 2 -x 5·'x 
239p,,) ,. 

;0-IL Total ( as 5.9 X 10- l - 4.6 X l(j'.'1 . 1.3 it 10::-·10 . ' 5,3 X 10-15 ,, 6.5 X 10-l! 1 X 10-9 3 X . -.· 
90Sr)g 

10'-15 10~10 1291 _ · ·1.4 X 10-l • 4,0. X 10-2 2.0 X 10-1_1 1.5. X: 5.6'x 10:..18 . ' 8 X 2 ~ w'-11 

10- l_. 10-l_ x "10-10 10-15 _ 10-17 
_,, 

10-9 l" )( 1[)~ 10 131' 2.1 X 2.9 X 1.4 ·• 1.1 X 4.1 X ·•,.4 X 
- , I ·sh 
85Kr 4.1 x·· 10 1.3 X 106 6.5 X 

10-4 . - 2.9 X 10-9 _ 1.8 X lo~JO . 1 K· 10-5· 3 X 10-7 
h 

103 10-6 
,, 

3H 1.0 x 103_' 2,2 X 1.3 X 1.1 X 10.:. ll 3,6 X 10~13. 5· X 10-6' 2 X 10-7 
h 

10-l 6.9 "x 10° .. ., 

10-9 _ •. _7 ~3 10-16, 
··-.-·, 10_.16 10~6 10.;7_ 14c; _: · 7.0 X 3.5 X X 9.9 X -4. X X 

.. _a1972 emissions are based on processing a totaf of 1,013 t of fuel, including_ about 525 ~ of.3_.5% 240pti weapons-grade 
irradiated fuel; .. _ _ . . . . _ _ .. , . . 

· bProjecteil emi~sions are based ~ii processing 2,100 t of 1212'4opu·trradiatedf~e·1,-2oi'~f ~hid• .Is spik~ fuel.: The'2,100 ~ 
··. of .fuel is the sum of six equal portions weighing 350 t each with cooli_ng ti[lles of 1/2, 2, 3, 4 1/2, 6, ·and .7 1/2 yr. Processing.of 

• 6% 240pu· irrad.tated fuel would result- In lower emlssicins. ·. · . · · · · - ·- · 
' CThese values were determined by d1v1dlng' the annual_ curies by the total effluenf volume; These numbers' are, statistically derived .. 

and are given for comparison purposes only, . .. . . . C' • - . ..-- • . . . _ . __ - . . . . ·.. ._ , • 

dsource concentrat lo~ 1·s the qu~t tent of the an,ri"ual curie r~)ease. arid the1§0;blried st~ck venttl at ton, flo~ rat~s f r~111. the' PUREX. 
Plant.· For total alpha and: total betai a combined stack flow rate of 3,6 x_ 10 15 ml/yr ,l_s used~ For _the. other isotopes, the c_omblned '. 
stack flow of the main canyon venttlat1_on and process.of_fgas .Is used (2,0 x 10 - Rt/Yr).-. ·. • · ·. - . , :, : . _ ·_ _ · · -·,.:· 
· eThe niaxlln~m anmi~l average concentratfon ai an i>nsit~'.g~o~nd location is expected .to be· ai a point 'o,5 m(fram the.plant 1~: the:,·_• 
southeast direc'tto~. The_ average annual dfsperslon factor _for t_hts ;location is. ~.67 )I· l~-7 S/m, as calcuhted from meteorological data 
collected ·at Hanford, •. · .· .· · . -. _. _.- .. : _ ·-· ·•:"_ · •·· -,.· > '.-.···. :' ... _ .. :_ .. - •.. · .. •· ." .· 

f The sit~ bou~d~ry·, f_or,_ the purpose of cafcul~ting the ma1dmu~ ,an~~al aver'age r·el~~se~ if repre'sente~9by t~e southe~s't seftor at -
15 ml fr.om _the PUREX Plant, . The annual avel'.age atmospheric. dilution: factor _has been .. meas_ured as ,.s x.10 · ·· s/m .for. this purpose_. 

9As part:lcuiate material. . . 
hca1cu·1ated values; gas ·str.eams were noi sampled an·d ~naly;ed- for t~ese e,lements~:. 
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' -_~,, •, .. I an~ Low:..1.e·ve f Pro~ess .Was_te, -
: - : ·.'-~-..,...,._w-:a-, s_t_e_· -s-tr-. e~_a_m __ --__ --_-_.,..l ___ :s-,,o--u_r_c_e_. _-------,-,--_ ·:_M_e-as-u-.r-e-m-e-nt--/--h-. a_n_d_l _i n-,g-.·--...------.-D-1-. s_p .... o_s _i t_i_o ___ n ___ _ 

Current· acid 
. ·waste, PUREX. acid.· 

.. ·-wast~, Zirflex·. 
.- ·. a_cid .was~e-· 

· .·Misce-1 l atieolJs _ . 
. canyon. waste•·-

'\. 

, ·. ' ..... · -: __ ' 

Mi see ll aneous 
service faclTity 

_waste · 

· Organic wash· -
.waste 

Ammonia sc:rubber
waste 

- HA. column raffi- . 
nate (F ·cE! 11) · · 

H{gti~tev.~l ·Waste _ 
, . ·' - ~ ' . 

Batc;h accymulation, sample~ 
laµoratory ·analysis, and 

· volume ~e~sufem~nt (see· 
Sect ion 7 ."5 • l • 3 ! 5 ) . _ · 

" .. -, . 

Low-Level Waste. 

Chem'1cai 'declad~.: . Batch acc~mufatio'n, sample~-' 
<di_n·g ._of fueL •· - laboratory analysis,. and 

·TKjifo -(su~ps/ 
etc;.)· 

<.~r .. , 

. · :vo_lunie measu·rement (see 
-Sections· 7.5.2.2 '.and . -
'] ~~ ~J.3) ' 

- Batc~·accu~ulation, s~~pl~~ 
· 1 a.boratory. -analysis, -.ai:-td 

· .volui:ne· measuremen·t (see · 
. · Sections· 7.s·.2.3· and 

c :~, · . 7~5-~).J )~ . . , . 
TK-U3~U4 (labo~ 

. ratory drains, . · 
. 291-.A~. etc:.)_·. 

Solvent treat-
. ment water from 
· G and R ce 11 s 

E:..Fll concen
trated·ammonia 
scrub 'sol ut i_O,ll 

Batth accumulation, 1Sa111ple, 
laboratory analysis, and -_ 
yo 1 ume mea~urement { se.e _ 

·_ Sections 7.5.2.3 and. 
-1 ~ 5 .:3 • 3 ) , ; . 

·_ ~atc·h acc~mulation, -sampl'e, -. 
laborator,Y analys·is, and 
volume measurement -tsee 
Sections.7 .5.2.6 ~nd. 
1:5.3.6). -

Baich accumulation, sample, 
laboratoryan_alysis, an_d 

·volume me~sur~ment {see 
. Sect ions- 7 ~5.2 .·6 _and 
· 7 ~5 .3-.6) 

Made ~lkal~~e and sent .to 
· t_ank farm for temporary•· · . 

storage_ · · · · · 

.-242-A ~v~porator; :·tank. farm· 
: for ~emporary ·storage 

. 2'4'2~A _ev~por~tor; tank f a·rm 
for temporary storage . ' . - . ' -

242.:.k ·evaporator; tank farm 
-. for temporary, storage· _ 

242-A' evaporator; tank farm 
for temporary storage 

j4~-A ev~~cirato~; ·tank farm 
·tor temporary storage 

en 
·o 
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TABLE 7-5 •. Very-Low-A.ctivity Aqueous Waste. 

Waste stream Source 

Process process concen-
condensates tratlon conden-

sate (E-K4), 
etc. 

Steam Process steilll 
condensate 

Aninonla scrubber E-F-11-2 
waste condensate 

203-A waste UNHb and UO 
recovered a~ld 
storage area 

cool Ing water Process vessel 
cofl 

Cool Ing water concentrator 
con~ensers and 
DOG condensers 

cti~mlcal · sewerd Chemical.drains, 
P&O gallery 
floor dra Ins, 
fract Iona tor 

. steam chest 
. condensate, 
• vacuun punp 
seal water 

.aAninonla condensate stream •. 
buranyl nitrate .hexahydrate •. 
_cotssolver offgas_, 

Chemical/ 
Measurement/handling radiological 

make~ 

Condensed aqueous For monitoring, see Section 
. solutlonsi traces B.6.1.2. 1. For handling, 
of FP, U, Pu, NPi see Section 7.5.3.1 
also see Figure 
6-10 
Nonnally clean For monitoring, see Section 
water; may be 8.6.1.2.5. For handling, 
contaminated by see Section 7.5.3.2 
accidental spill 
Seellgure 6-1, For monitoring, see Section 
ASD stream · 8.6. 1.2.2. For handling, 

see Sections 7.5.2.6 and 
7.5.3.3 

Normally clean · Sample batch. collection 
water; may be tank, volume measurement 

·contaminated by (see Section 7.5.J.4). 
accident 

Normally clean Same ·as steam condensate 
water; can be 
contaminated by 
cop leaks· 
Normally clean For.monitoring, see Section 
water; can become 8.6.1.2.4 for handling, 
contaminated by see Section 7.5.3.5 
col 1 leaks 

Normally waste For monitoring, see Section 
water free of 8.6.1.2.3i for handling, 
radioactivity; see Section 7.5.3.6 
water can be 
contaminated b{ · 
spills and leas 

Disposition 

Normally to 216-A-10 crib 

Normally to 216-A-30 crib; 
diversion capability to 
216-A-42 retention basin 

Normally to 216-A-368 crib 

Normally.to chemical sewer 
waste stream and 216-B-3 
pondi may be routed to 
PUREX.for rework or 
disposal to underground 
storage tanks 
Normally to 216-A-30 crib; 
diversion· capability to 
216-A~42.retentlon basin 

Normally to 216-A-25 pond 
divers Ion capabl 1 lty -to 
216-A-42 retention.basin 

Normally to 216-8-3 pond 
via 216-A-29 ditch 

.diversion capability to· 
216-A-42 retention basin 

--

dManual diversion of some sources (e.g., P&O gallery drains); automatic diversion at ditch to 216-A-42 retention 
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· All high- and low-le~~·1: li'ciuia· ~a~t~s,tare hel
0d0 iri tanks for further 

· processing and interim storage. The very- low-act iVity. aqueous wastes are · 
released to ·the Hanford Site· envirpnment. ; Release is either to underground 
percolation cribs or surface evaporation/percolation ponds. None of the.· 
liquid releases exceed· the T{!ble II· guidelines at. offsite locations. (.3) · . ' ' ' 

· Table 7-6 is a comparison of -the radionuclide discharges .to cribs and 
ponds in 1972 to 1985 projected discharges~ The DOE concentration guides. 
are also included for comparison~ .· A significant reduction. has· been made 
in the ·radionuclides· discharged to the cribs as a result of plant modifi-

... : cations which permit more liquid recycle. and. better. pretreatment of the·· - · 
· :' liquid effluents. Now all di scharg~s to: the ponds ·are projected·. to meet 
· .. _ Table II. guidelines. ( 3j Discharget to cribs are al so expected to· meet • 
.: . Table T guidelines,' with the exception pf 3H, and will., in fact, meet.-

·~'. .. ·_ . Table. II guidelines for most radionucl ides.( 3) The impact of 3H · 
. .-. iupon theenvironmer:it has been determined tobe inconsequen.tial.(19) 
E,, ·Projected levels of 90Sr at the source-will be near the,onsite release 

, ~~ · limit •. However, no. :significant migration ·offs ite wi 1l occur due to the · 
::_.:,;;.:,;._' properties of the-Hanford .soil _and the long distances to the.water table 
··;£,.~ · '. .. and to .the ·site boundary. ( 18) · .. ·, : · · 

i1r· 
·;,, ', 

·.:."/1:, ·: 
] .2.3_ Radioactive Sol id Wastes 

There are three-categories: ofradioac~ive solid waste at PUREX; 
•- descriptions follow. -

• Low-Level. · · : 

_Solid-, :low-level waste·s· c:onsist- p/imarily of failed or unusable-· 
tools, cleaning rags, p.lastics·, failed laboratory equipment, 

.failed a'ir.filters contaminated with low levels. of beta or gamma 
··- . activity. Solid .lo\'#-level waste: is- produced, in. all radiation · ~ 

:areas of·.the:-plant. ··In' 1.972, ·• about. 450 m3. of low- level· waste, 
from the PUREX' Plant were buried: in the 200 East Area industrial 
burial ground •.. • The an,nual volume: is- expected to· be 800' m3 
following 'startup.: 

• - Transuranic 

, Solid, transurardc _ (TRuJ>waste~ ,t9ntafn, or are suspected to 
contain; . .lO. nCi or more· of TRU riucl i.des per gram of waste. 

· Solid, TRU waste is produced in the -product. loadout areas such 
-- - as tt1e PR. room and. q: and N,.cells~. In .1972;> about l90 m3 of 

TRU waste were transferred ·.from the PUREX Pl ant to retrievable 
.storage •. F.uture TRU., waste volumes are projected to· be 420 m3 
annually. The· increase: will be cJue. to doubling the annua r · 
uranium processing ·rate and. 9per~ting the.'plutonium oxide 
production facility. · ·rn addit'ion, approximately 160 m3/yr of 
failed equipment is projectedtc:Lbe placed into burial boxes and 
sent to TRU storage. · 
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TA~l[7-6. Annual Radioactive Waste Discharges from the PUREX Plant 
·· · · :·to ·tr1 bs and "Ponds; . .. 

DOE Order 5480. 1 _, Chapter x·, 19.72 Actual.a 1985 Proje.ct;ed 
\ - - .. , . . 

Radicinuc 1i il~s. 

239Pu 

23Bu 

3H 

90Sr 

.137 Cs 

106ii~ 

60cof 

239piJ 

23Bu 

3H 

9
~sr 

137 . 
,--. Cs 

106 · · · Ru 
60 · .. · 

Co 

Offs1te 
· ci>ncenfrat ion 
guide (µCi/ml)· 

5 X 10·6 

4 X 10"'6 
,. 

10·3 3 I( 

3 X 
10•7 .. 

2 x· ·10·5 • 

' 10•5 1 X 

3 X 10•5 

5 X 10·6 

4 X 10·6 

J X 10·3 

3 X lb"7 

2 X 10~!, 

1 X 10•5 

3 X 10•5 

· 0nsite · 
·. concentration: · 
guide (µCi/ml)· 

X 10•4 

1 X 10·~ 

1 X 10•1 

1 ic 10•5 

4 .X. 10•4 

3·x 10·4 

1 ll 10·~. · 

. . 'Aver.age·.:-:··." 
concentrat ion~at. ·· 
·. the source• · · 

, (IJC1/ml) ·/ 

Discharge~ to Crib~ 

1.9 X 10·5 

6.1 X 1()-9 

•. 1.4. X 10~1 

6.5 X 10•4 

7.4 X 10·4. 

3.5 JI: 1~~3 

~-3 X 10•5 

. Di schar_ge __ s to ~onds 

X 16~4 . 2·.6, X 10·8· . 

1.x 10·3 1.1 .X 10·9 

1 X 
·11,-1 g 

. 1. X 10"5 1.8 X 10·8_ 

4 X 10•4 . 1.l·x 10•,7 

·3 X 10•4 2.9 X 10~7 

X 10"3 ' io•8 · 1 5.9 X 

Annual 
c~l'.ies 

d 
· 4.3 

. 1. 4 .· x \o·3d 

7_.o x io3e 
. ' 2 

1.5 X 10 · . " -- . 

1.7 X 102 

8. f X 102 

1.9 x 101il 

4.4 x 1o•ld 

1.9 X ll'J"2d 

.9 

0,3d 

1.Bd ·: 
, d ... 

.. 4.9 . 

·. 1.0d 

. Average · .. 
conceritrat i.oncat. 
· . the .. source. . ·. 

(µCi/ml) 

1.3,x 10·.6 

6.6 X 10·9 

2.0 X Jo· 1 

1,0 X lO~s 

8.6.x 10·6 

1.1 X 10~5 

. 4.1 X 10~7.· 

. . .. ·9 
. 2 .9 X 10~ 

2:0 x:1~~9· 

7,2 :x 10~6 . 

· ·. 4.5.x 10·~ 
: .· 7 .· 

1.1 x· .. 10· . . . . . . 

1,2 X 10•8 ... 
,. ·. B . 

5;9 x lo~ . 

8 1972 enissions are bas.ed on processing a .total of 1,01·3 t of. fuel· including about 525 t of 3,5" 240Pu 

ririnuai 
curies· 

2.7 X 10•1 

1,4 X 10~f 

. 3 •. 4 X 104f 

6.0 

1.8 

2.4 

8.4 X 1~-2 

2.7 x,1Q· 1 --.· 

2.0 X 10"°2 

·6.1-~lo:~-

4 .• 3 X 10• 1 : 

·. · 1 .o 

. 1. 1 

5,7 X lO~l 

weapons-grade irradiated fuel:.--•. · ; . _. : : . : ·, , . , •, .. -- · , .. : .. · . : . , ··· ... -- : ·. . . 

. 'bProject~d discharge~ are based.on processing 2,100t 6f 12 t 24~u-- Irradiated ,f'ue·1,' 20" of which Is spike f~e1: The 
2;100 t' of fuel ·1s the sum of six· equal portions· we.ighlng 350 teach wfth cooling times of 1/2, 2, 3, 4 1/2, 6; and 
7 1/2 yr •. Processing of 6" 240pu Irradiated fuel would result In lower discharges, •· · 

. clhese· value~ were de.termined by dividing the annual curies' by the total efflue~t volume." . These 'nuintier; are' 
statistically derived an_d _are given for comparison purposes _only. > · · ·· 

dvalues are.the sum.of 12 composite.samples; The detecti'ci.i'l limit varied, depending on the s·ample· she and.counting 
time. · · · · · · · · 

11Calcu1 ~ted frlin p~evlous. sample' r~sults. · .. · 

fEst !mates higher than 1972· dah are based on Mghe~ :expos~re :r·ate~ t 1·.e: •. 1~ ~40Pu). . 

9Not analyzed,· 

I 

.. u,. 
:o 
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. Large solid waste items are fail~dcanyon process equipment,· 
which is also considered as. JRU waste. An inventory of this 
equipment stored in tunnels on the site is shown in 

.Section 7.7.4 • 
. '• 

7. 3 . NONRAD IO LOG I CAL WASTES · 

7. 3.1 • Non~adi oactive Ga~eous Effluents 

. ').3~1:~1; Oxid~s•·of Nitro~en.Em.issio~s. The oxide~ of nitrogen emissiqns 

.. are produced _rn the PORE · Plant_ during the, following processes: urµnrnm 
metal-dissolution,. sugar.deriitrationiof-ac:idic·wastes, and. dissolution ·of 

, recovered uranium (as U02).· About 99% (on, amass basis) of the oxides . 
.·. of nitrogen prior to treatment _results fr~ the uranium metal dissolution·. 

and· sugar den it ration pr_c,c~sses~ · The DO.~ _system has a treatment fad l ity'. -
About: 85% of. the· oxides. of nitrogen evolved· durtng the. metal dissolution 
process is absorbed in dilute·n.itric acid and hydrogen peroxide as the 

· : ox ides of nitrogen offgas·es care p·assed through the DOG condenser • ·. . 
-and· two absorption columns .• :.'. ,The rema1.nder is reJeas_ed to the atmosphere -

· · through the 291-A-1 stack. The oxides of n·i~rogen from. the other processes 
are al so discharged t,o•: the atmosphere through the 291-A- l stack. _ · 

! -- ---

.. Jable 07-7 surrimarizes the' estimated da11Y pro_cess_duration and the· 
amount of oxides of nitrogen after treatment attributable to e·ach process. - · 

·· Using:the data in Table t-7,. one.:can .di.vide:_a.typical operation day into 
three time· periods and• calcul ;;ite the average oxides. of nitrogen emissions 

.for each:per_iod •. · The:: r~suJts.· are ·su111m·arized ·<tn· Figure. 7-1 and Tab 1 e 7-8. 

·. TABLE'. 7-7./ ·Esti~ated'..Qa1·1J-.Dur·atio.ri: and· Percent• of Total Plant'. . 
Emfasions·forPUREX.Processes Evolving Oxides.of Nitrogen~ 

·· ·:. Process 

Udissoluticin' 

w:as_te ·, de~itrati.on 

uo2 di ssoluti.on . : 

Average daily -. 
··~races~ d~rati6n* 

. ( h) : 

18 

24 

4, 

Total dailj plant 
emission~ evolved 

· after treatmen_t· (%) 

. 41, 

56 · 

3 

·· *The ·uranium_·.and::,urani.urn oxide disso]utiori pro~esses are con'."' 
duct_ed s.imultaneously with waste denitrabon·. 

: ;. 
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Average daily 
process 

duration (h) 

18 

4 

12 

SD-HS-SAR-001 
REV 3 

STACK EFFLUENT~ 

3 },.-----I! 

MAIN PUREX STACK 
(291-A-1) 

DOG-----.i 

. Stack 
reference 

.._, ___ .___ MAIN BUILDING 

VENTILATION AIR 

RCP8008-94 

Offgas properties at stack 
reference point 

. point Flow rate · NO concentration (L/s)* X 

1 330 12,400 
2 56,600 75 
3 · 57,000 145 

l 300 0 
2 56~000 lOO 
3 57,000 lOO 

l ·.330 0 
2 56,600 75 
3 57;000 75 

* . 

(ppm) 

Assumed off gas conditions: 40°C and 1 atmosphere •. Conditions· 
assume. that DOG abatement equipment recovers an average of 85% of the 
entering oxides of nitrogen. 

FIGURE 7-1. Estimated Average Flow Rates and Oxides of Nitrogen· 
Concentrations for Offgases Entering the Main PUREX Plant Stack~· 

7-18 
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_· TABLE 7-8. Estimated. Fluctuation of. Average 
. · PUREX -Plant Oxides, of·. N~trogen· Emissions • 

. . a 
Processes assumed • . 

• to generate·NOx 
during time period 

Average· 
daily process· 
duration (h) · 

Average NOx.sta6k 
. concentration . 

UD + WO 

WO:·+ U02D 
·. WO 

18 

4 

2 

145 

100: 

. 7.5 ·. 

Time weighted daily 130 
.•.-average . 

.. aUD' = · uran i_um dissolution, WO := waste denitration, 
uq2o = uo2. dissol~ticin. : · 

b .. 
Offgas cpmposi.tions were estimated assuming a total gas 

flow rate of 57,000 L/s at 40°C and: .ratmosphere. · Assume that 
. the·, DOG: abatement equipment recovers an average of 

85% of the entering· oxides of n-itrogen._ -

Annual oxides of .. riitrogen !:!missions from PUREX are re.lated di•rE!ctly . 
. to the· amount of fuel p·rocessed each year.:· Under. the. assumption that the. , 
plant will process 2,100 t of_ U/yr the yearly oxides of nitrogen emissions· 
(as nHrogen dioxjde)w.ill amount to 270t .• ,The dissblution of uran·ium. 
evolyes 41% of the·totardaily plant nitrogen oxide·eniissions in an 18-h: 
period, 0 whi le a tna'jor1ty of the. remaining paily ·emissions evolv·ed are . 
di s·tri buted over. a 24-h period.• · · 

. Th~oxides. of n1trogen' is absorbed by>two multistage bubble cap ... 
absorption columns.· Hydrogen peroxide ts added to enhance absorption: so 
as to·meet federal, state, and local :emission sta,:idards •. Continuous . , . 
ffi!bient air oxides of nitrogen monitors ar~ located .in normally occupied 
areas to measure oxjdes.of 11.itrogen concentrations·,in ambient air and 

•. :mounted on the 291:-A-T stack .to monitor. discharges· to -the· envfronment. ·. 
• - • '. • • - ,· ' • \. • < - • ' -

7.3~)•.·t :Ammonia Emi.ssions~' TheE and F cell ammoni·a..:be~ring offgas 
· .. ·streams 'are combined in an exhaust system separate-. from .canyon ventilation 

: air and gases. (F.ig. 6"."2 and 6-3)'. The ammonia offgas stream is fi.lterect.·· 
through remotely changeable .filters and exhausted -through· a 65-ft-high 
stack (296-A-24) ~ .. Offgases released· do: not exceed 25 .ppm· of ammonia at. 
>groun~ leveL · · 

7. 3~.2 . Nonrad-i ~act.i ve. L i:quid Wa'stes 

7~3.2~1 SanttaryWa~tes~:i Sewage·1sdispnsedof via septic:tanks and san.i
tary· ti-le fields.·. Two systems are used. at. .. the., PUREX .Plant •. · A large 
system cqnsisting .qf. ·a s.e"pti;c tank: and ,ti·le field· located north·of th_e 

·;· _.' 
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· .. cohtrolled ·access :area serves ,the .off-ice:annex,':1aboratory ·annex,. th~' 
.: : normally no·ncontami nated · areas of .. the 202;._A speci a 1 wo.rk. permit -(SWP) _ 

·. change ,robriis, .and the office trailers~ : A smaller system 'located •northeast , .. ·, . 
of the east end of the 202".'A buiJdi ng 'serves the change· r:oom for ·the. east·;.'<,.·: ~··. _ > < 

,: crane rnaintenance_ platform (ECMP}.: No" known :contamination SOLlrces 'are, '•· . ' ' :· ':', .< ' 
connected to .. the sanitary waste' systems.,and procedures prohibit disposal' . ' ': ' 

· ·of radioactfve ·material v.ia these ·systems~ . . . - . . . . . . . . . .• . 

. 7.J.'2.2 ·Chemical' $ewe~. ·.The chemical. sewer 'is-discussed in,}~5~3.,6.·····> • 
Normally, tije_ seY'er_ :recei.v~s an _uncorit"ami natedf low from proce!is: equ;ipnren~ . 
and_ floor. wash. ·. ·A tab,1.ilation of. expected :chemical dis.charges.,:per:Jonne·_of .· 

·uranium is given. in Table 7-9. ·· · > · ·•• • · .. , •, · :- , ; · /:•· ·· , 

TABLE 7-9~ ,Principal .Chemicals 
Released to Ground Via PUREX 

Plant Chernical·_·Sewer •.. 

.Chemical' 

· . NH/~NHim3b _· 

·.,KOH · 

•· .• HN03 . 

'.Fe( s93NH2) 2 ·, 

.•• HS03NH2 

. c12H22o1
'
1
: ,( sucrose) . 

. Na0H 

.·. Na2co3 . 

·. --- . Al (N0
3
) 

3 

··. }\mount ( kg} a· 

2.90 -· 

. l. 20 ·'. 

'Jo40 
-· . • o. 15 

,, 0.20 . 

· · _·o.ss •· 
·. 3)20 · 

0..10• 

2. 10 ' 

aper tonne of ~ranium. 
·-processed .assuming 1% chemical loss • 

. _ '. bAmmonium-fluoride-ammonium 
nitrate· (AFAN) •. 

. . A. sampling,· _monitoring, flow· totalizing; and diverting· system -is .. 
installed .in the chemical sewer discharge stream .in'the unlikely.event th.e 

.. chemical sewer stream-becomes· contaminated.· Ir the·stream should become . 
·.contaminated, it wi 11 be automatically .'diverted to the 216-A-42 retention. ·. 
· basin •. Contaminated liquid -diverted to the basin is processed through. the 
existing cooling water effluent·recycle system to yield a releasable · 

•· str.eam. · 

,' '7-20 ',-.. ' 
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7.3o3. Nonradioactive Solid Wastes-: 

i .. 
i'. 

The nonradioactive waste refuse js deposited .in bins to await 
. disposal. If there is any doubt;· the material is surveyed PY Radiation 
Monitoring to ensure that i~ is free of radioactive material •.. 

. . Ordinary trash (90% paper, 97% cqrnbuStible) is· collected, normally,. 
· compacted by a factor of·three, and buri.ed:·fn_ the central landfill •. 

. · . HazardQus chem.ical waste,, is normally. associated with and treated as · · 
radioactive ,waste. I~ the ev,ent·thatnonradiological haza,rdous chemical.·.·· 
waste; is generated~ · it, is<,dispo_sed i n:·.an. approved. hazardous chemical , : ' 

. bu.rial site located at the -central landfi Hs. · 
I . 

The .PUREX Plant·contribution is:ca.small fractio11of the cqmpacted,,_· 
volume of 10,2oo·m3/yr forecast for the .~ntire Hanford Site·~ 

. ' ' . 

. 7 .4 · OFF GAS TREATMENT AND: VENTILATION 
. ' 

j 
. I 

·. The particui'ate radf~riucl ide·~:,:and g·aseous releases to the atmosphere· 
frcm the stacks are., at : or below the. gutdes 1 specif .ied · .in .Table I. and · 

·Table· II for ·various radionucl ides,: with the exc~ptfon of 3H and 85Kr .. 
. isotopes.(3). However, within 0.5 mi -of the stacks, all radi.oactive . 

concentration.s in ttie·atmosphere will be below the·-Table II guides.(3)-, , ' · .. '" . ·. '. . ' , ,. . 

_ _Past and· anticipated gaseous :releases r to the atmosphere fr.om the. 
stacks of PUREX are.summarized tn·Table 7~-lO~""The values for 1972 are·-· 
those ,for the· last ·year the PUREX Plant wa~ ·ap~rated atcapacity •. Th.e .. 
volumes of gaseous effluent·anticipa:ted to' be'released ·in -the future, when- .. 

·the plant is fully operational, will_ be the same as 1972. All HEPA fil~ 
ters. used as · a means.· of contra 1 ling· effl uer:it· re 1 eases are DOP ,tested , 
before use, after::each 'filter change} and at .. least annually. ( 14) 
Filters that haridle-high levels of radioactivity and are exposed to 
hos.ti 1 e en'v iron~nts are tested mcire frequently~ . The minimum .standard .. _ .. ·· 
acceptable test effici.enc:y as .indicated by the in-place DOP test method is·· 
99.95%.· · Performance 'Of the' DOP testing and the obtained results are main-· . 

_ tained and analyzed to. provide continuous· status. to use in establ ish.i·ng · , 
·· retesting.schedules. -Upon completion of each DOP test, a report is i.ssued 
·.to the Fac:ilityManager, Quality Assurance, and the.Effl,uent Control Unit· 
. of,·the'Safety,:.and Quality- Assurance,Functi.on (.S&QA). · . 

' . ' 

· · "7.'4. l Radioactive Waste- Released· Thrbugh Ven"tilation.• Systems 

,The ventilation exhaust s'ystems provide for the discharge of all' 
treated ai.rborne and gaseous effluents •. · Since the ventilation system:· 
provides waste.'confinement and management,;it is discussed first, followed 
by.· the discussion for the• offgas treatment: systems. 

,,. ' ; ' - . . .• . 

I 
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Effluent stream . 

' . 

tanyon extiaust 

PR r·ooin, N and . 
Q cells 

West sample 
gallery. hood · 

, exhausts · 

East sample .. ·· 
gallery. hood . 

· exhaust · 

~ ... ·, ·, ·-· 
.>· -_,, ... 

TABLE 7-: lo. · PUREX Eff 1 u~11ts~-Ga~e~us: · ( Sheet 1 Qf 3) 

·.·. Stack· 

291-A-1 1972 · 

_ Proje_cted* · 

. 296-A-1 1972·. 

Projected*.·. 

.296..:A-2 1972 

·Projected* 

.. 296-A.-3 1972 

· Projected* · 

-,.-,.,. 

Vol (L) . 

· 1.79 x 1012 ·, 

. 1.04 X 10l l: 

. 6.43 X 101.0 

J\nnual average· 
concentration , 

. ·( Ci/ml) 

.. , ·.•· •.. ·· ' . .···• -'-10 · -·Ta, 2.48 .x ... 10 _ 

Pu, 1.73 X :10~12 . 

· ·. 1° 6 x 1~.:io . 
- Pl . 

Pu, 4 -/ lo-12 

·.Ja, 3.7 X 10- ll 

P~,: l.1~·~·10-1! 
· :Ta~ 1 x 10-ll 

· .. · , Pu,. 1. X fo-13 

re~ 2 .a · x• io:. 11 

P ·4· 8 ·. x·.·.· ·1·0<-13 · ' ·. u, ' . 

Ci . ,_ 
· released 

' :, . Jt-1 
.4.4 X JO 
3.1 'x 10-3 :- · 

· .... 

1.1 X lOQ 

7 ·1 -3 . .2 X Q · .. · 

'' -. -3 
.3.9 xlO 
L2 x :10-3 ... 

1.0 ·x 10-3 
. ' -.. " -5 

1.0 X 10 · 

1.8· x·10~3 . 
· 3 · 1 · · 1· ·o· - 5, ·· • x, 

6~43 x 10 1cf • • .. Ta, 6 x .1O-1J ·· 
. , Pu~ 1 ~ 10-1-~ ·< 

. 3.H X 10".'3 .. 
6.4· x 10~5•· 

... :_. 

+a;, 5.6( ~ 10~ 13 . · 3.8 X 10-5 

p U 1 4 • 32 X 1 () - ] 4 2 • 9 X :· 10 -6 .. , 

'}a,-·2,x1O~J 2 . ·L3x:10-4_ .. -,·· 

.·. · · P·u, 2 .~ 10;;..14 · .· f.·3 x· 10-6:. • · 
. ' . '., . 

.,-:r. •. 

···-~ .. :-· ,. .. .";< 

. ~ - . 
. •· 

~- ' ·.. . 

VI· 
,.c· 
. I 

- :c :;a VI . 
IT1 I 
<VI 

')::I . 
w ::a· .. 

0 
0 _, 
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.; 'rABLE 7-10. PUREX Eff luents.;;-Gaseous. · ( Sheet ·2. of 3J 

.• Eff iuerit stream · 

2d2~A laboratory . 
· exhaUsJ·· · ·· · 

East sample 
gallery, LI.cell 

. . . 

··.·stack .· 

·: 296~A--5A 
·. and -5B 

296-A-6 

>west sample - , -· · , -i296-A-7-
ga.l lery, R eel 1 

'. : White room 296-A-8 
exhaust 

'Ir 

vr· · Vol (L) 

. . 1972 · ., . 
' . 11. 

3. 7 X 10 · 

3. 7 ·x 1011 .· · 

. 1972 1.94 x loll 

. Pro_jec~ed~ •· 

•. 

•·-1972-
· · . 11 

2.97 }:(· 10 -~ 

· • Projecte~*. 3 .5]. X :1011 . 

1972 2.54 X 1011 

'. 

1011 Pro_jecte~* 2.54 X 

Annual averag~ 
concentration. 
. (-· Ci/ml) ,., . 

. C 1 
released 

. . T~, a··.3/x.10-l~ . 3~1· x 10-4 . 
· . . . "··-14 , · . -5 . 

·pu, 4.86 x 10 . . : · .1.8 .x 10 .. 
'< ·.' . :' 1 -12 ,· . . .. 1 .:.4 

· Ta, 2- x o . · 7 ,.'4 x o · 
. Pu, 1 X 10-l 3_ 3.8 X lO~S · 

. : 1· ·1·9·· ·10-ll Ta, • . x ,, , · 
. · ·. · . -14 

: Pu,. 3. 14 · x 10 . ; 

Ti3, 2 x·rn-{2: 
·p . l' X. ·l·0-13 .. . .. u, 

. ..· ' -3 ' 
. 2 .3 X 10 . · 
. 6. l x 10-6 

' ' ' -4 
.4.4 X 10· .··-·, ... ·. -5 
i.2 X·.10 · . 

. . .-· ·._ · -10 · • _ -1 
.--T~-, 4.71-x -10· ,, .. _ - -l.4 x -10 -" 

P':i, 9.76 X 10-14 • 2~9 X ·10-S 

Ta 2 x 10- ll 7.2 ·x 10-3 ·· 
. ·' . · -13 . · . · 5 

. Pu i l x l 0 '• . 2 ~ 6 x 10 - .. 

10-1 2 
,. 

10'"'4 Ta,· 1.54. X 3.9 X 

Pu,2.01.x 10-11 5. l 1()_·3 
X 

10'"12 .. -3 
-T~-D 4 X 1.0 .x 10 ._ 

10;.13 
.. .. 

10-5 Pu, l X 2.6 X 

:',,. 
·- --.;,., ·, ,/ ;:· > 

' ' Cl) 
. C 

. a . •,e/: .. ·. •" -::c ···· 
. . :;o (it " .. ·m. I _: . 

<&11 
'· .... -~· .• -::~ .....,, ,.., " . . '~ 

. B cc: 
·o 
.0. __, 
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Effluent stream 

Disposal tunnel 2 

293-A building-.. 
- exhaust · 

. TABLE }~10~ PUREX Effluents-~G~-seous •. (Sh~et 3 of 3) 

.: Stack · Yr·~ 

·. 295.:.A-10· · . 1972, 

Projected* 

'. 

296.;.A-14 1972 

•' 

PrtJjected* . · 

. · .. · 11 . 
1.46 X .. 10 · 

8.95 X lOlO : 

Arinui;IY ayerage,> 
' <concentration 

·. ( C1/m~) ;. 
Ci . · · 

rele,ased 

, ' ,, > . ~12 ' .·' ' ., ..;4 
TB; _2.81 X 10· . 4.1 X 10· .· 

Pu, L9·2· x··fa-13 • ... · 2 ~8 J< 10--5 

'Ja, ,6 x·10- 12 .. a.a·x ,o-4 
,, : ·_ . .;.13 . . . 5 
Pu, 4 x.,Jo .·._ 5.8 x 10-

· 3 .2 ~- ·10-5 · ·· 

2 .8 X 10-6 

P&O galiery auxil- ;Norina-ny clean air. Should exhaust become contaminated, it will. 
iary exhaust . . be di_verted through white room ·exhaus_t. ' . 

Anmonia offgas 
system 

.. 296-A-24 . 1. 9 X -~o 10 . Ja' 3.2, )( 10- JO ' to ·"x 10-3 

. *Projected emissions are based o·n pr:-otessing 2,100 tof 12°%. 240pu· irra'diated fuel' 20% . 
of which isspike·fu~J.The.2,100, t·of_fuel_ is~he ~umof_six equal,,po.r~_ions weighing 350 t. 
eqch with cooling _times of 1/2, 2; 3, 4.1/2, 6, and 7 J/2 yr~ Processing of. 6%.240pu - ·. · · .. 
irradiated fuel would result in lower· emissions (the·rele~ses· are· 1n dfre~t proportion to t,he, 

· · amount of fuel_ reprqc~ssed). Jri .. the case of the 291.:.A-1 ~tack, t_h1s. es_tirnate is. based on .the_ .· 
.~ontinued _use of the _existi.ng_,de_ep-bed,_ fiberglass filters. - · · 

,.:-.:.; . . 
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- -_ 7 .4. l. l Ventilation System l ~:;. The· ~anyon .. ,}fentiJation. system, also known " -
· as ventilation system 1, 1s described ·in.det:ail .,n· ·section 5.4.l. Its 
operating· characteristics .are. suriunarfzed, in iTable 5-So . Its purpose is to· 
route contaminated process cell air through :the canyon exhaust·filters~ 

. _-_ · The ·filtered air is then discharged to the atmosphere through the 
· • 291-A- l stack. · 

- ' 

Filtered air from the process offgas system· (Section }-.4~4), is dis-_· 
. charged- into the air duct of.ventilation sys,tem l upstream of the canyon _ 

exhaust,filters~ Filtered air from the.DOG ,system (Section 7.4;2).i.s dis-·• 
··charged.into the·,air duct of ·vent.ilationsystem 1 at the _base of the 

· 291-A-l stack. -· · · · · · · 

The canyon (~xha~st f.i lters-:are>perm~nently, installed in vaults: -
· 1ocated between the202-A building and the 291-A-l'stack. By collecting· 

-~ . · radioa.ctive-bearing particulate matter.that :leaks or escapes from the 
-~- . process vessels, the canyon exhaust.filters become ·contaminated. .Wherf a o,; filter becomes inoperative, it is- currently .. envisioned that it will ·be_ 
~~: sealed and .left buried in place with no attempt- made to remove any of .the· 
'N -, '·canyon filters fro,m·_the current locations. ,, . , , 
'~.-·.· 

Th~ canyon exhaust filters. consist of t 1wo •_glass.:.fiber fflte-rs and' orie .. 
three..;s:tage HEPA filter; .all :three: are paral

1
lel w.ith each other. The first _ 

glass-fiber filter (canyon filter._l) w&s insJ:alled when PUREX was built in __ -_: 
1955 •. As its capability to filtertrye)requir~d .volume of air became 
marginal, the second glass-fiber .fiJter (canyon filter 2) ·was_ inst!llled 
parallel to the old glass.;.;fiber filter:. The HEPA. filter (canyon filter 3) 
is .new'. and has never been .used; . The thtrd .filter ·consists of five · 

· vertical filter stages; the .first two are p~ef1lters and the last 'three _ 
.·. are HEPA filters., It was installed as· a pre.cautionary safety measure and 

· ·\" will be used if the performance of the g"lass-fiber be~omes marginaL The'· 
_ HEPA filter elements:will be ,i,nsta'l,led_when :the J.ilter is placed in· 

serv,ice (Section s.4.l.l). -_, - · ·; · 
. . , . - - - . ; :. - - . 

· ·· 7 .4. 1. Ll Filter Performance. •· The aeep-bed, ,glass-fiber; filter and 
-- the HEPA·filter.are dioctyl phthalate (DOP) :tested at least once a year or 

, if unexplahiably ·high releases occur. -- The teSting standards ·conform with · 
ANSI N510 published procedures(22) and are described in RHO-CD-125.(23) · · 

·_ In the.- tests performed in_ l984, .the eff·iciency. of the deep-bed, g.lass-fi ber · 
· filters was better than,99.90%.·(24) _ ' - _ ! · • . · .. . • --- , , , - -

- •· , _I 

_. . . 7:A. l. ~ ._2 _ System· Interf~ces. -___ The af~~low rate in the canyon str-eam 
.' is considerably greater than the ·airflow rate in the DOG system (57,000 l/s . 

... · versus 330 and l,000 L/s)._ .The air pressure in ·the plenum is. kept· below · 
.. the air pressure i,n the outlets.of .thetwo o'ffgas p.rocessing systems. The 
· air pressure in the canyon is below·the air pressl,!re• Hf the areas supplied 

by_ ventilation systems 2 and 3. _·_ The saf~ty ;features of the power suppJy 
of ventilation system. l'are·disc·ussed i.n Sectia.n ,s.~4. l.2.5. . . -

7.4.,1.2 Ventilatfon,·System 2· •. Ventilati6n,:system 2; is descri,bed in detail· 
·. ·in Section 5.4~l.2~. Ii: provides filtered afr: to areas·of the canyon build
. ing which are' periocfica.lly. occupied or. enter:ed bJ the.·work force,: but wh_ic:h 

are regulated because, of the· potentia r, for clontami nation~ These areas ·are 

~ .· 
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the sample.gallery~ N cell,.Q·cell,' R"cell,,:-U cell, PR:room~;pR-corridor:, · 
-and canyon lobby., The.system exhausts through five stacks (see Section 7.2 

and Table 7-3). ·. , . - , --. '' , .. 

. . Room air 'from' the plutonium -oxide preparati'~n 'taci1ity (N .cel_l)- p~sses -: . 
-.thr()ugh' one stage of fi]trati:on-Jthree .parallel HEPA filter~) before enter-.,_, .. 
·ing -plenum 2 exhaust .system (ventilation system ·2). · :From. there~ the _ 

. ·-·exhaust .pass·es through an· addit-ional .bank of fi.lters- and discharges to .the 
· • atmosphere thr::ough exhaust .stack:" 296-A-7. . -__ · · - · - . _- _ -· . :• , ... 

:_. _:The roan afr is .mon-itored i:ont_tnuously by CAM. ·Th.ese CAM provide., 
.-local _and remote alarms in the'control room (see-Section 8~3~•4}.· 

- • ' • ~ • ' • '. ·; • • • •• 1 • -

_ --:- _ iach gJovebox exhaust h·as one -~tage oti HEPA~type. filtra:tion. The .air _ ·· 
--from _aTl the ·glovebox exhausts ts combined; ·monitored -by. a CAM:with display 

and alanri·in·the control room, and passed through .two parallel HEPA filters_ 
· before entering the existing 'PR ,room exhaust system (ventilation ,system 2),._ -

. . ' - . . . , . - . ' ~, . . 

. _. -_ < The -afr exh a:~sted throµgh ·the . PR room . stack is filtered by two sets . __ _ . 
·of_parallel-·double-stage HEPA filters~·whilethe air exhausted through -the·-_ ·'· ••J· 

_ other: four ·stacks- is filtered by,.single-stage.-HEPA filters. BY collecting:-,'_ r.· 
.dust and radioacti ve-bea:ring: particulate matter from the sampling" stations ·• · ·· 
and-· the product-handling ·areas,_ the ·HEPA filters become_,contamtnated. 
When a filter -fails the qua 1 ity control tests ·(DOP- efficiency)·, -- it is 

: : ,.rep laced~'. O_nce used, _the :HEPA ·f.il t_ers for N cell, the glovebox ventila-. 
·. ·tion system,- and the PR :room system--are considered.potentially c·ontam-,-- ·_ 

inated by transuranics. -,Fai.led filters will be treated as solid,- :· 
TRU-contaminated waste:(see·Section. 7.7). --· · · · 

. 7 ~4. l..2. l ~~.Radioactive.Releases During Normal 'Operadon. - The radio
··active. concentrat_ions .of the air exhausted by three of the -five ventila- -
tion·sys,tem stacks are below the guides of Table It fstacks 296-A-3, -6, 
and -7)~(3) The radioactive concentradons of-'stacks-296-A-1 and-2 are 
tielow Table T· gOidelines.(3) _ · · · · 

_-__ . _ -7.A. l ~2. 2 --. Capacity ·under· Postulated Ac~-ident Condition. T~o·- banks _ . 
--of .double HEPA filtration on the PR room exhaust can operate independently .· 

:a:. and _"one· branch can be used _as a backup for the other. - Exhausts for the .. _. -
.-:. · PR.room ·(296-A-l) and the west sample gallery hoods (296-A-2) are monitored_ 

·_continuously with--alarms in the dispatcher's ·off.ice._.- Record and CAM-·•, · 
samplers:are'·installed·at.the five·stacks of.-ventilation system 2: 296-A-l, 
'296-A-2, 296-A-3, 296-A-6, and 296-A-7 ( see Sect_i on 8. 6.-1) ~(25-27)> The . : 
CAM ~irovlde operations with ,a continuous readout of- stack sample radio- · 

\actiyity anlalarms during abno~mal effluent releases. The record sample :· 
, provides a representati-ve. particulate sample of the effluent from· which. an., 
accurate environmental discharge of radioactivity is -determined.. The CAM 
units. and_ .record samplers pr_ov i de complementary· data ,of radionuclide · _. 
releases wtdch -can be used ·to detect anct avert abnormal operating ,or --

__ accident conditions. Other control features o_f veritilatiol'.1 _system 2 are·· 
described in.Section 5.4.2.7._- · 

7.-26 
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7.4.1.2.3 Filter Performance. Each HEPA filtration stage is tested 
in place at least once a ye9r ror capability of removing 0.3-µm-dia. 
particles of a DOP aerosol.l 14 A HEPA st~ge must have a removal 
capability of 99.95% to be acceptablec 

- -

Filters are also monitored for differential _pressure (DP). A HEPA 
filter with a DP near the specified level in inches of water is also 
replaced in accordance·. with operating p·rocedures. _ . 

Filters are also exchanged if the -radioactive discharge concentration 
exceeds the limits discussed in Section 7.1.2 and if the contamination 
buildup results in radiation-levels in excess- of .limits or unnecessary 
personnel exposures in accordance with operating procedures. 

7.4.1.2.4 System Interfaces._ Ventilation system 2operates at 
between 0.10 and 0.35 in. water gauge (WP} (vacuum), which is a higher 
pressure than that of ventilation system 1. This prevents flow of 
airborne radioactive particulates from ventilation system 1- into ventila
tion system 2. ·· This vacuum level in ventfl'ation system 2 assures· no air
borne radioactivity flow froni ventilation system 2 to the outside environ
ment. To prevent interaction- .between ventilation systems 2- and- 4, the two 
systems are separated by air locks. 

' ' 

7 .4.1.3 Ventilation System 3~. Ventilation :system 3 is described in detail 
in Section 5.4.1.3. The system provides cle.an· air to the-storage areas, -
P&O gallery, white· room, offices, control rooms,-locker-rooms, blower - _ -
rooms, and shops. All these areas are considered clean areas where, under 
normal operations, no radioactivity is han~ned. The.air from the white 
room is exhau.sted t'hrough"the 296--A-8 stack, while the air from the other 
areas is exhausted by fans through vents ... ' .... , -- _ .. 

Under normal. operations,. ventilation system 3- does not handle gaseous 
or airborne radioactive waste. If an accidental ·spill occurs in the -

- P&O gallery or white '-room, the alarm from· the CAM would automatically shut · 
off the unfiltered P&O gallery exhaust fans, ·allowing the contaminated air 
to discharge through the HEP~-filtered 296-A-8 stack or through the ECMP 
to the canyon •. The HEPA filter is discarded as solid, radioactive waste 

·(see Section 7.7) when it does notmeet·efficiency-control requirements. 
- ' ' 

. . 7.4.1.3.1 Radi6active Releases Duririg Normal bperation~ During -
·norma_l operation, the system supplies clean air to clean areas. 

7.4.'l. 3. 2 - Fii ter Performance.. The tests and standards_ for the HEPA 
filter are discussed in Secti.on 7.4.l.2-•. 1 

~ 7.4.1.3.3 System Interfaces. Ventilation system".3 is· designed to 
maintain a static pressure of about O. lO in. WG- above atmospheric in all 
areas serviced except for .the P&O gallery. This area has a potential for 
becoming ·contaminated and .. is therefore maintained at a static pressure of 
about 0.1 in. ·below1 atmospher1c~ These pressures assure airflow in the 

- direction of increasing potenti-,il .for contamination •. 
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7.4~ L4 ·ventilation .system 4. Ventilation ·system-4 is descr-ibed in· detail 
in Section ·s.4. l.4. - The system· provides clean ·air to the··1aboratorfes. 

The system is completely independent of the other three _systems •. The air 
exhaust is filtered by one stage of HEPA .fi 1 ters. and exhausted through two 
stacks ( 296-A-SA and 296-A-58). 

_ The HEPA. filters may become contaminated by collectirig dust and radio-
.active-bearing particulate matter from the laboratory hoods. •·Filters are 
discarded as sol.id radioactive waste (see Sect-ion 7.7) when efficiency 
control requirements are not met •. The method ·01 filter testing and test 
frequency evaluation. ·is summarized in Sect·ion 7 ~-4. · Testing for- open~face 
hood velocity is .in ·accordance with Reference 27. · · 

7.4.1.4.f Radioactive-:Releases During Normal Operation.·._ Past ~eCords. 
indicate ·that the radioactive concentrations of the air exhciusted through 
the 296..:A-SA and 296-A-5B stacks are below·the guidelines of Table II.(3) 

. . . . . . . . ' . . . . . 
- -

. ,7.4.-l.4~2 _ C~pacity U~der Postulated Accident Coriditfon·. _. ·Airflow . 
-through the laboratory. hoods. can be contra) led by opening or closing the 
hoods. Airflow into the hood opening--at the flow rate specified provides· 
capture-.velocity for airborne radioactive material under normal conditions 
and __ ensure confinement within the .hood.-( 28) · The CAM units are located · ·. 
outside- of the hoods in -the laboratory :room to monitor potential releases· 
from the 'hoods.(28) These CAM alarm when_ airborne levels of radfo- •; . 
activity are high enough :to be' detected. so that immediate correc~tve · · 

· ._mea,sures can be takerr. As- a secondary confinement, the four ·acces~es· to: 
the laboratory ate provided .with air locks for ventilation flow and _con-
-tamination _-control (see Section 5~4~4). · · 

7.4.1.4.3 .Filter Performance. Performance tests and standards for 
· assuring HEPA filter adequacy.are discussed in Section 7.4.1.2. The_ CAM 

units are. located at 1 aboratory hood exhuast stacks ( 296-A-SA and 296-A-58) . 
. to provide assurance that HEPA filters are effectively removing airborne 
·contaminants prior to· discharge to the environnient. Failed .filters and 
filters -.of questionable integrity will be nondestructively assayed,_ as• 
detQiled· in Section 8.6.1.3 • 

. 7.4.2_ Dissolver Offgas System. 

The DOG system· removes-_ nitric acid· fumes, ammonia, radioactive 
· - . isotopes of iodine (131! and 129I), and radioactive-bearing 

·particulates produced in the fuel dissolution· and. the decladding __ _ 
• processes. The flow- paths foi the DOG system are shown in Figure 7-2~~ 
- There are two flowpaths: one_ for the offgas from the fueLdissolution 

process and the bther for the decladding process (which are identical, 
except the decladding process off-gas is not treated in the acid _ 
absorbers). There.are three identical DQG systems (one for each dissolver 
tank). - Each DOG system consists of a 0down-draft condenser tower, ammonia · 
·scrubber, ammonia catch tank, steam heater, electrical heater, -silver - · 
reactor, and two glass-fiber filters _in series • 
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FIGURE 7~2. Dissolver Offgas System. 
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7.4~2.] Functional Design. :During· the fu~l dissolution protess~. th~ DOG· 
,pass :first through t_he dissolver dpwnciraft tower, which :condenses moisture 
and ·recovers .part of. the nitrogen oxides as·.nitric .acid:. .. J"he. nftric acid < 

.-is. recycled. to the diss9.lver.· .After passing _through the atm1onia.·scrubber:7, 
.· the offgases pass throu.gh th,e .steam heater~ electric heater, and si.lver . : 

reactor; for remov~ l of radioactive iod.i ne isotopes (l 29I. and 131 I) •.. · < . , 
.The offgases then pass tnrough the two glass'"'.fiber filters .which rempve 
radioactive-bearing particles. The· filterecLo:ffgases .are route~ to two .. ·. 
ac,io absorbers in.'series located in the 293-A backup facility. :In 293-A, • 

. about<85%.of the·remainirig_oxides·of,nitrogen(see.Sec:tion,];~:3.l~lJ,and. > 
. · · 90% of.·the ·residual :iodines are, removed. The offgases.are.thenJ::lisc:harg~d . 
· : .into the ·main ventil atfon stack (29)-A-l} and exhaµsted"o,to :the :atinosphere. . 

;_During the cladding-,removal.pro~ess~ the :·ooG·first· i>ass:through the. :. 
·.·dissolver downdraft to.wer and the ammonia ·scrubber.·•. The ammonia removed 
. in the scrubber .is collected. and routed to the· amnonia-catch. tank·. :The 

temai,.tiJng off gases ,are·then pa_ssed through the. steam heater, electric ; ... 
,.heater, .sjlve,r .reactor, and the two :-"glass-fiber filters where,.radioactive..: · 

" . beari.ng · partfcul ates. are. removed •.. ,The off gases are theri. routed' to the ·•· 
· 291-A,;.1 :stack ~nd exhausted_ to the atmosphere. · . ' ; -:· . ' . ,. . ' -. . ,. 

··: 7 •. 4.2.2 .. MaJot: Components~ ·The .DOG system major c~mponents ·are:,'listed in 
·. · Table.7-ll. .- The dissolver tower is a water-cooled condenser.·in a ·stainless 

S:teel ~- cyli ndr ·k al, vesse 1 • < The ·Offg as . enters the top of the to~er wher;e · .... 
· it;. is .distributed for .even~ flow -:downward· aroi.irid the· shell side of :the· · . · 

·····•· coO,ltng.· water tube:'bundle and then .leaves the tower near the bottom~ As:-" 
· .>the":'.oftg·as·_:;s coo•led, ~ondens.ation .collects· in the bottom of :the tower __ ... ·· 

which, can· be di vert:ed to. ·either ·the .dissolver or scrubber catch tank.. . . - . .. .- . ,• . . " \ . " 

. The ·ammonia scrubber. is a vertical column with·' deentrainment .pads' at.: 
.. ·either end a.nd a 42-in •. sect.ion .packed with 1-in.-diameter'.Pall rings-.·_ 

· · (process. gases:flow upward) Scrubber water· is ,distributed above the 
.. Packi.ng and. drains out the bottom of the tower to .·the · anmonia scrubber 
, ·catch tank, a ·.z,950-L tan provided with a cooling ·coil. · . . . 

. .- ' . . 

Two offgas. heaters, ne ste~m and one electric·, are required to' heat: 
.. the process.offgases to at least l96°C for desired reactions in the silver 

reactor. The. steam heater· is. a ffnned tube heat excnanger whh ·the steam 
on the 'tube ,side. The electrical heater uses cal rod heating elements •.... 

. ·•: .·- Two types of s~:lver r~a~tors ~re· used. Th~ ne.wE:r .des~~n::co·~tains:two_. 
·packed •beds of 0.5-rn.- cer ,c saddles coated ·.w1th silver n1trate. The , · 
:older.·design, in DOG syste. B, .has.a s1ngle bed~ •Jhe.:si-lver-reactors are 
equipped with ·external ste coils.to maintain the required temperature 

·for.the -silver:nitrate-iod ne reaction.. · .. ·-· 
. . . . . . 

.. The DOG f.ilters:·conta n four layers,of glass-fiber filter mediaand.-
are dtscussed- in Section- 5 3.2.2. · 
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··-/TABLE'. 7.;.11. Dissolver Offgas System Major Components • 

-Vessel 

," .·, 

. functio~. : : 

' .... - ' : 

·Downdraft condenser· 
· :towe~. ·: · 

4 ft 4 jn.: OD~ by 23 ft 5 in·. 'tinned tubes l ~n. ,OD. by 18 ft in 
cool i_ng .· toi 1 · {drawi rig .H-2.;.56989). ···. 

,··· '·". 

T-A3- l . 
. ; ..;_83;.. l_ 
. · · ..;CJ-1 

T~AJ:.;3 
---s3.:.3 

. .· .. •. ". 

,'~H3 · scrubber" > 
. · -C~-:-3 ·.• 

c'. TK-AJ-4 . .';~H · .• stru~ber •
' · __ - -B3-4 - · ·· ca~ch tank - . : 

•_ .. , · __ ..;c_J-4 

· .. -·•· - . E-A2 -
:.e2·: 

'· '.; :-C2 --

· .. H-A2 · 
-B2 

--~-.,.c2 
- T .:A2 

-B2 
~C2 

f,.:.Al 
. -Bl 
-Cl 

'•' 

. · ·o+fg.as h·eat~r 
:(steam} ,~ , __ : .• 

_bffga~ heite~ ~
·. (electri,(;al) · 

.Silver reactor 

. : . . . 

·off gas · particulate · 
Jilter 

.·2 ft ·6· in. OD by 10 ft -3 in.· 42 irf.' packe~--section, .1 in·. <:liameter · · 
1/16 in. wall Pall rings (stainless steel). (drawing H.,;2-59941 ) • 

'4:ft ·o· in~ b/a ft 6 i~. by 10 ft,-:3041. stai1~less ~-teel, ·co~ling 
coil, 2~ 100-gal capacity (drawing H-2-59136) ~ -- . -

. - ' ~ . ·. - . ,. ' . '' ' , . '. ·,. . 

· 2 ft 8 .in .• OD l~y 11 ft, 171 finned tubes; 3,04( stainless :steel . 
. (drawtng H-2-58514) •. -. · · ··• 

~- . . . " ' ,, ' 

.5:ft lO'in. byJ ft·1 in. by 1 ftc·ontaining eig~t_Calrod IJeaters 
' ( drawi~g H-2"".56676). - ~ · · · -·, · · · 
----. --- ,- - - - - - ·,-'- : -. - -

·. 4.ft·6 in •. ·oo by 13_ft·8 in.-1iackin·g 1/2 in. ceramic.bed saddles y' 
equipped with h~ating coil. · A2 and C2 hav~ t~o beds; B2 has one _ 

-.. (drawing ·H-2..;57337) ~--

. -~-ft OD by 8 ft 91n., four la.)/ers of glass fiber' filter media in {-· 
canyon:(drawing H'.'"2-56989) • 

F-lA 
-1B 

Offgas part1c·u1ate _ 9 ft OD by 8 ft- 9 in., four layers of glass fibe~ filter media· 
'filter - - lo'cated · in 294'."'A Vault (drawing H-2-56989)~ ·- · _. · 

_ - lC 

T-XA 
-XB 

Vacuum control _ Stainless steel DOV. b. A 6 ine-plug valve operates with -low flows 
and a 6 jn. butte~fly.val~e controls at high flows. 

Acid absorber· .. 6:ft by 22 in •. with eight bubble cap trays .. (drawing H-2-57000).·. 

Acid absorber. 4-ft 6 in. _by 20 ft with eight,bubble cap trays (drawing H-2-57001). 

aouter diameter. · 
b . . . 

· · Oiaphr~gm-operated valv~ .. 

V, 
:·CJ., 

I : -·, 
:i::: ,.;- '( 

,· ;;a V, 

m.1 -< en "-- -
-):a, . 

_· w ::0 
, I. 

0 
o..... 
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·_. 7:'4.~2.3 .. Operational· Contr~l-: . Hyd'rogen· and ammoniai\:oncentrations- in '~ach 
.. DOG stream are .monitored by Beckman Model 7C Thermal, Conclucti vity:.Ana:lyzer~ · 

.. and Beckm~n.Model 865 Non.;.Dtsper;-si.ve Infrared Analyzers, respectively. _· . 
. Each analyzer is c·or,tained in an expl,osion-prooL,hous.ing. :These.'~ystems 
. are shown in Figure 7-3. 

· ... ·. ·. The thermal conductivity :analyzer use·s. an internal -regul'ated power. 
· sou_rce to he.at sample and referenc~ ·( nitrogen gastt:emperature-sensitive· 
resistive fHarhents which are electrically connected• as legs:.,df a . ,. · ·' · . 

. Wheatstone bridg~. The bridge is balancec(initially with a standard ga:s - · 

. ~amp le. 'Thereafter, a s i_gna l · is generated·- and recorded that is propor- -- , 
·tional to, th.e h.ydrogen·:content of the sample gas.(29) ·. . ....... · ,· ... ·. 

• ·· ,,- · The i frfr~r~ :analyzer· ,al so·' .. cont~i ns nftrogen gas as a , ;eference '.~~n-~ 1 ::. 

absorbing; backg:rouna -gas •. • Infrared beams are-·p'assed .through both the · • 
reference.•cell and the ·sample cell· where the ·amount.of, ·radiation absorb,ed 
is proport1onal · to' the ammonia .concentration. The detector. converts the 
resulting .energy difference between .the cells· to. a' capacitance change -
equivalent .to the ammonia concentration that is amplified, indicated on a 
meter, and used to drive a monitor.(30) ·, • · · ,_ .- · , · 

-· . The ,hy~rogen.forma~ion, in the ·diss6lve·r a~d the resultilig::'co~centra- '. 
tion in.the D9G '..is ·maintained at a very safe ,level·Jmuch. less than f,% by· 

.vol,ume} :primar.ily by th.e presence of ammonium nitrate ·during· decladdirig 
which favors ammonia p·rodlicing reactions~- The ammonia concentration is 
,maintained. at. a safe level { less than 14% by, volume) bY, controHing,·the 

- tower and>s,crubber water flow .,rat~s and the·· tower vert gas temper.ature~ .. 

': . ,· · Durfn·g-fue-1 di s~o'l utfon,. two .. ~c.ihttl 1 afion' cry~_ta ls· coup-led· to~ si_ngle:· 
. , channel analyzers measure and record the ,concentrat.,on of- 13.l I in the · .: ·. 

offgases entering the_ 293-A backup faCiJity :and the 29'1-A~l stack._ The .... 
single-channel analyzer windows ·are set to counf photons with energies · 

· between:b~·344· to 0.384 M~V (centers the l3lr,peak at .0.364: M_~V).. A high 
alarm_.would indicate either ,irradiated fuel ':elements with too-short:cooling 

. 'times or failure of.,th_e sil.ver reactor.·· If an alarm is triggered, the dis-
. solution Js terminated by cooling ·the dissolver.· . 

7.4.2.4 .: Safety Criteria and Assurance. The. :potential ·hazards asso.ciated ·. ·· 
, ,-with the ·operation of ·the_ DOG system are summarized_ ,in Table 7-.12~ A dis-
. cussipn of the control 'of each system is.:presented. 'below • 

. · . T.4.2.4.T C001busti b le Gases. 'Hydrogen' and .,ammonia, :both combustible 
gases,>are :generated during dee ladding. The hydrogen. and, ammonia are 
generat~ in _the following reaction: 

- ,.. ' . 

... -, 
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TABLE··1~i2.· Summar 
System or 

·subsystem 

· DOG tr:eatinent · 

Condenser 

_ NH3 'catch tank 

H -
2 

Energy 
(hazard) 

Silver azide 

'Radlonuclldes In 
feed solutfon 
Pu (and U) 

Unwa~ted e~ergy flci~ 
: (Incident) . · 

1. _ Nitrate .omitted in 
NHl•NH4N()3 solution 

_2. No dilution air 

·_ 1. Cow coolfng·water 
flow to scrubber -

2_. No df lution' afr 
· 3. _ Low temperature tn. 

,silver reactor 

Low temper:ature a f lo~s • 
formation of ,silver· 

_ azfde 

- Failure to flu'sh. tower -
- pr for to dee lad 
. Crftfcal fty 

1th Dissolver Off as System. 
Cons'equence (inmedlate 

and/or secondary 

Explosion In offgas -
traln;most likely in 
.heaters 

1.. -Expl~s lorfrom high 
concentr'at ion leaving 
scrubber -, · 

2, -Exp}osfon.·from high 
concentrat 1cm leav Ing 
s.crubber . < • , · 

_3., ·Exploslon.:fromNH
3 deposftfon.-- _-

Explosion: fn ·sflver 
-- reactor. with. subsequent·: 

release· of. radlonucl Ide 
loading on. ventflatfon 
filters to environs 
Activity fn si:r~tiber _ · 
waste . · · 
FP gas·es to· environment, 
L lmlted potential for. , _ 

_ employee.expos~~@. 

-: ~ 

ilar~,lers, (design, 
--_,administrative~ safety 

- dev kes, etc.) 

l; AFAN solution 
pu,:chased tci 

.. s·pecff feat ions · 

2 •. 'Hfmon l_tor. 

1. Low-f.low alarm, ~H3 analyzer · 
2, NH~-analyzer __ 

' - . -

3 •. Reactor h1gh.; aild low
tempe~ature alarm 

tftgh-teinperature o·perat iori 
only; no f,lushfng with 
airJnonhlm hydroxide 

Admlnt'stratlV!! controls --
_ -: Imposed by procedur~- , 

Valving program, Pu 
,quant.ftfy. lfmlts. 
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The formation .of h.ydrogen is-.•limited to :1essthan 0.1 mol/mol of 
ZircaJ,oy. dissolve<f~ Without the· ammonium nitrate, the reaction would be 

-• as fol lows: . 

- _ P-2) 

. The anrnoniumnitrate: suppresses the formation of hydrogen gas in 
: favor of ·reactions which produce ammonia •. ,The ammonia, which has_ an 

explosive range .of 16% to 27%. irt air, -- i~ removed in the ·ammonia scrubber 
. by the following reaction: -- -- · ·. _ · 

( 7-3) -_ 

. -_ --- .. , ·sot_h hydrogen and ammonia concentrations ·in the offgases are also , 
· reduced by dilution with a largeJlow of process air• •. The dilute a.mmon·ium 
. hydroxide formed in the ammonia scrubber: is col-lected in, the ammonia catch 

-_ :: tank_ ~d .routed to ~he ammor:iia concen_trator system. 

7 .4 .• 2.4.·2 Criticality- Prevention-. Under normal operation, the DOG . 
contain,. at 1119st, traces of _plutonium. _However, excessive. foaming .during 

-the fuel di~solution:process could :introduce aqueous~solution to the off~ · 
gas system and result in ·plutoriuril ·reaching the scrubber. solution tank •.. 
.Introduction of 2,000 gal of metal solution:_would transfer 8 kg of pluto~ 
nium (from Hspike'~ fuel) •.. Actually, both p.l'utoriium and uranium.would-be ---

-;transferred, but plu_tonium is the element 9f inte.rest in cri_tical ity __ · 
calculations. The transfer of plutonium-ibearihg solution to the ammonia 
catch ,tank is prevented by equipment· design and administrative control~·, 
·The valving.for the dissolver chemii:al additions, jetting·systems, and th·e. 
dissolver tower drain system are interlocked thr·ough the sequential - _ 
programmer. ·_ The six.;:position programmer permits only those operations 
·which are necessary for-that- particular. portion. of the dissolution c·ycle. ·,. 

· A listing of the six. positi,c;>_ns- ?nd ~heh- services fo.llow. ' 

-· Switch /Pas iti~n' -

l 

. -2 •. 
3··_ 

Service 

Zlrconfum.;.de_clad· --

. Methathes:is 

. , " ': -__ ,·, ,4 
Uran iurit'.".'<;ljsso lution of z i rco·n i uril~c lad 

A luminu;-dec Tad · ' ,''. •.,·.<:· ...... . . . 

5: ,· Uranium-disspl~tibn of alu~inu~-clad 

6 _.Off -
. . ' 

The selector ~~itc'h is'_.key locked.and the' key iS'COntrolled bysupervis_ion;· 

': ·• ,.'.' • .- . Fai_lure of. the.'selector switcli_·- in-~-- s'horted posit,ion· is: unlikely, and,.- .. 
': ,,:relays ·general)·y·fail ,i.n ~he safe'. position {open).. Chemical additions and._: 
.. , ., ·solution .:jetting· :reguire foanua:l ·operation of control i nstr.umentation; · 

. i 
I 

·' 
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. '.hehc~,' f ai)ure of the· sequence· programmer hy jtself would not cause· a mis
. :. routing~·: . Di vers_ion of the ~i ssol ver towe_r dr:-ai na9e to ~h~ anmon-ia catc~,. 

.. tank requires manual operation of a v_alve switch :rn addition to the act10n 
.· .of the =progr:ammer. Programm~r failure could •prevent. opening. of the dis

solver tower, drain 'to catch tank,· but th.is .. failure _would b~ :qf no: saf~ty. · 
. consequence.: . . ' . . . ' . . . 

. . . . 7.4. 2.4.=3 Si fver -Azide ·Explosfori. ·Al though the· probability~ is very . 
. ·· .remote,-.silver -•azide explosion has been-postulated for the silver .. reactor • 

. ··Administrative-procedures.require that.the silver reactor can only operate 
· ."at 'high. temperatures._ The amount of. radioactivity. released in a •silver . 
·. reactor exp]osion is estimated ·-in Section 9.3. 7. ' · · · .. 

. ,,c;{,. . 7.4.2.4.4 Release of Activ-ity in Scrubber Waste~. Duri,ng "the 'ur.anium .. 
· ~..n·' ::metal'dissolution process, volable.fP-ma:Yreach_the downdraft tower. If. 
S, . the .downdraft d_issolver tower is not. cleaned', .~hen the FP would be-routed· 

$,_ •· ·to the .a1111T10nia.struqber waste concentrator and result in a release :to.th.e 
· , r~~-. · : ·· _: .-environment from. the. condensate. An· adm1ni~tratfve procedure requ..ires · 
·. , ~,:</,._ . :that· the -downdraft dissolver. tower .be· flushed to :the dissolver after the . 
. . •-;;:. · · ·.·. :- complefion>o( the metal diss·olving process·. · 

!i'.l"-i: .·· ' . •. 

7 .4~3. Anrnon.ia Off gas System .. 

, ·. ·.··_.·The anmonia offgas system· is desfg,ned.:t~·reduce the excessive·ioading 
· of the· 291-A;.,l :filter w·ith ammoniuni· n'itrate, which would be .fanned .fran ... 
·the .~nmonia. reacting with the nitric acid·. fumes and oxides •. ' ·: 

·. 7~4-~3.1 Functiona1•:oesign. The E cell· ·and F cel.l ammonia-be·ari.ng ·off~. : 
•. g_ases·are. comb.med rnto a singl_e stream with a·total flow of .about•· .· _ 
J4.2m3/min (see Section.6~1)~ The.combined stream passes through a .· .. 

. _. deentr,·ainment pot, a steam heater· which raises the temperature by ·about ' 
·: 60°F; ithrough a prefil ter and two HEPA filt~rs .·.in series, which are_.··-.·. · · 

des·i gned to capture 99. 95% of the airborne radioactive contamination. ·._. The -~ 
. .ftlter assembly has the following· features: a special liquid ·seal to·-pre- .. · 
vent g.as leaks around the filters,· test equipment for on~ line .testing of . · . 

.. filter efficiency,· and. a 'filter bagout to keep radioactivity. contained · 
.·du.ring filte_r changeout.(31)', The ammonia offg(ls system:,;s evacuated by 

.. -a f-an,capable of exhausting 42.6 m.:S/min at 25 -in. t:-Jl:i vacuum •. lhe . ·._ 
· .. exhaust ·is :released to the atmosphere through. a 65-ft-"high, stack 

.(296-A-24). Fi gt.ire 7-4 is a s'chematic ·of the system~ · . . .· 

- I.4.3.2 Major Components~ The·major equi~ment. items~ function,,'nominar 
capacity, and ·descriptions are· summar·ized in Table ].;. 13.: 

7.4.3~3 · 'Operational Contra-ls. Ammonia con'c~rytratio.ns in E. and F cell. off
g·as streams are maintained well below the _flammable limit of about 14 vol% . 
by removing -the ammonia in the· E,cell ammonia· scrubber and E-Fll .condenser,·· 

· · . respectively.· The scrubber- water flow and scrubber off gas 'temperature are 
-·•··controlled.to achieve maximum ammonia .removal. The resulting· ammonia ct>n
,centration is monitored by a non-dispersive infrared gas, analyzer. The 

>E·fll.coridenser.is operated to.remove con_densables and subcool the 

·. · 7..:36 · 
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FIGURE 7-4. Anunonia Offgas System. 
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-• tABLE 7-13 •. _ Ammon ta Off gas System Major Componen'ts. 

__ Equipment_ 

--- -- E-fl l ~2 · 

:·:ro :, __ . -- . 
· •- ~t: · --J.:.AD- l _ -_. -• . 
. -~"".)•-

_·•-~--
' •• ·- ~<>Ir, •• 

,--'~ 

-.,.. .... 
,5r..;,. 

.. ·: AD3.:.'l · -
-- .AD3-2 

... , · -. · · AD4- l ' -
'.AD4.:.2 

AD5- l - · 
Ao5.:.2 · 

Function 

Condenser 

," 'e• • 

·- Deentrai ner ·_ 

. < Steam -heater . -

• Pref i l ters 

- Primary HEPA _ 
· ·- filters - · 

-· Secondary HEPA . 
· fi Hers · 

Description · 

40 _ in. OD by lO ft 6. in. cyl'indr,ical . 
. vessel.· -- lnte·rnalJy, _ E.:F_l l_-_2· contains .... 
. 1,:060 horizontal>tubes, 3/4 '.in. clia
·m~terby lO .ft long. - See. :dr;aw.ings . _ 

-_ · -H:..2"".62616 ·and H.:2.;.64804. '-_ : :-.. · . - ·•' ,._ 

Deentrainer consists of .-,a 4:,;in.-thick -
'by,13.5-in.-dia. stai.n.less.:steel - · · 

. mi st eliminator pad ·mounted.;,:•fr1 a -. 
-· ·12-in.-talL'by 30"."iil.-dia~>pot. ·,_ .:,: 
. See c;irawing H-2-65p3.for construction; 

detail. • - · ,• · 

·_.operates at p 0 r.:lgfize: is -?O-J~- ,, . 
_·32 rn~'.by_8 m.c . ·Type•1s_ - , . 

AEROFlN 8~58 non-freeze coil.·· 'See/ 
· drawi rig H_..:2-657.13. · 

'-· 

Size.is ?4 i~~ ·by 24·.i•<b/·iL.5_i~~--- · ',; _ 
,Flow rating 1s 56.·6 m /m1n~ Eff1c1en_cy . · 
rating is _90% ASHRAE* ·guide. •··_ See . . -

- drawing H-2-65_152~ - --

Size is 24 in. by ·24_!n. by-ll."5:in. · 
Flow rating. is· 42~ 5 m /min~· · Accept
ance efficiency rating is 99.-97~. ·_ 

. The· HEPA f1lters '.are installed m -a· 
·Flanders bag-in/bag-out fj·lter housing~ 
See· drawing H-2..:65152._ . -

Size· is ?4-i~. by_24 ~n._by 11.5 in .• - ·_: 
.. flow ·rat1ng 1s 42.5.m /mm. •-Acceptance.-.. 
· .. efficiency rating is 99.97%. The HEPA_ 
.fiJters -are installed in a FJanders · 

- ·_pag-in/bag-out ftHer housing. See -
- drawing· H-2-65152. · · 

. _irrAmerican Society .of Heating, :Refrigerating, and, Air Conditioning-_. -
· Engineers~ 
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condensate which is partially. recyc·led via -spray nozzles to scrub re·s idual · .· 1 · 
ammonia. Because of its affinity for cool water, nearly all of the ammonia· . 
is absorbed in the condensate. . ·. · 

The system, preheater.oh the anmonia offgas system heats the offgas to 
a temperature that. is-frjgh enough to prevent water vapor from condensing· 
on the.HEPA filters. · -Should the _heater fail, _the HEPA filters will begin 
to- ·satur_ate w,ith water ._and plug. Brea~h of a f i 1 ter may occur if the: DP 

. across. the filter exceeds 10 in~ WG.:. By most manufacturer specifkations~ 
· . HE.PA filters are designed: fo _withstand at least 10 · in. WG. ··The. f oJ lowing 

_three systems ex.ist to p.r_event Jilter fai-lure,from high DP: : 

• Should the bP across either. bank. of filters reach 3 in. WG, an · 
:alarm will·. sound in the central control room 

• ·should.\he DP 'across the 'last bank of /ilters reach 4 in •. WG, ·. 
the air ·bleed will open wide, thus lowering the,systemvacuum 

· ·find flow through .. the fi)ters 

· • Shriul_d ·the 't>P across the· last .ba~k of.-fi 1 ters reach 5 in. ·:wG, _ . 
· the blo~er fan will shut·.o_ff, bringing the system to a coi'nplete 

shutdown. · . · · · 

Both t_he .airbleed and the blower: -.fan must be reset· before the system 
can be. restarted. · Adminis.trati'le ·C"cintrols prevent the·: operator from· 
resetting the system uritU the cause· of the shutdown ;·has been ascertained· 
and corrected~ Failure of HEPA fil.t'ers is .discussed in Section 9~ l. -.· ' :• 

The stack·, 1 s equi pp~d with_ ari i sok i ~etl c sampling _probe;: and the . 
exhaust.will be monitored -with:.an alpha radiation CAM;·a·beta-gamma radia-. 

·. tion CAM,· and an· ammonia gas analyzer •. The·monit.ors will have remote:_.-... 
alar,n. indication in the •gispatcher's .,office. Control of the ammonia ·con·-

.· centrati-on at the ·stack pluS air dilution after discharge assure th:at th.e . 

. threshold limit:value.for .. ammoriia;of:25 ppm in air•at. ground level ts not: 
exceeded •. 

· 7 .4. 3.4, :·Safety Criteria :and ,A~surance. .. The potential hazards_ ·associated -
with the operation of _th:e ammonia offgas .system are summarized in . Table ]-14. . . .. . . . ..... . 

' - ·. 

7.4~4, Pro~ess Offgas Systerri _.· 

. . . · .. The,:pro~~ss ·off gas· sy'stem treats the gaseous :wastes from the c·ondenser . 
· .. ven:~ system, the ve~sel vent system;:: and th,e E-FS c·ondenser vent- sy~tem. : 

·._· 7~4~4. i Functional·Design. -_The .system js shown schematically in 
Figure 7;..5_ Ifie offgases from the three subsystem headers enter a common_'. 
man_ifol-d and,' iri- sequence, pass through the E-Fl condenser, the E-F2 steam 

. heater., the _T '.'."F2 s Hver: reactor. and the F-Fl ·p·rocess verit f il:ter. The · 
· off gases. are then di scnarged through the canyon exhaust.filters .to the - • 

~trrtosph~re vta: the 2,91-A;:.J s_tack\ .. ·· . . . 
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HEPA filters -
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TABLE '7-14. _ Su~marf of Poteotiil. Hazards. Ass~c-iated -
' with. the_ Ammonia Off gas Systein. ' ' 

. Ener.gy 
_ (hazard) 

Radioactivity 
and ·toxic. 

_fumes 

Radi.oactivity 

. .. ' . '· ... 

- Unwant~d ~ner_-9¥ 
flow ( rnc1dent) . 

NHf exp l OS ion 

Rel ease of 'rad fo;.;. • 
-.activity and toxic 

fumes to.the 
environment _ 
Rel ease of radio- · 
ac~i~ity to.cri6 

·. , .• ',i- ', '. .. ; ·-

., : ' . ~ , 

. _ Consequence 
. ( immedj ate. and/or 
• ,, ' secondary) .. 

. " ...... . 

· D~srupti~n-~f.the. _
.-·_off gas train' 

Exceed perm1ssabli 
rel ease levels '. 

Ove~loaded'crib'could 
l.~~cti -into grouod;. : -~ _ 

. water~.:· Contamination 
· of. groun~water: -· _ · 

·-, •. 

Barriers (design,'. 
, administrative,•.' 

;safety ijevic~~~ etc;) 

· Dilution oJ offgas with __ , · 
air --

Mai~tafn NH3~iolutio~. 
.-temperature >450c. to .. : . 

. 'a~sur·e sufficient water,. _ 
vapor, to .prevent an -ex-·; 

_· plos i_on.. · · 

• :Mo~itor NHi: 

: ' .. •;vi .. · 
. _-.----.I : , 

:X, .. _, 
' ..,, -1.· . 

<·V> 
. ws'; -

- - I .. 

8 ·• __,·. 

)\ctrnfn is trat ive. procedures: .. • · 
-Monitoring of effluents/ :Y : 
Monitoring of pressure ·. -
drop: acro~s f 1:lter ~ .. · · 

'·Moni.tOring,of ASD Str.ea~~ '< 
, Administrative procE!•. -·- _ .·. 

dur_es. Moni.toring of the: 
ground wate"r.· Diver'siOn • · • 

. · of ASD to ,other cribs. 

[• 
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E-H4c2 E0J8-2 E-K4-2 E-t7-2 . . . ' ' , .. '·.,.: ,. 

, . VESSEL VENTS FROM 
, MOST_ m: THE,PROCESS. 

- EQUIPMENT.IN - . 
, CANYON CELLS 

CONDENSER 
E-FS. 

______ _,. HEADER CONDENSATE 

TO TK-F18 

"STRIPPER· 
· CONDENSER 

E,.L6.2,;. RCPSOOS-97 A 

,FIGURE 7-5'.. _ Process _:Offgas $ystem~ 
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) The: purp·ose of this ventj_latibn system· is to maint>ain a slJght vacuum·. 
in :th·e. process Vessels and condensers, and. to remove· the condensable and -
noncondensable gases~ . The E-Fl -condenser removes the condensable liquids· .· · 

"and.returns the condensate to TK-F12. The E-F2 steam heater heats the-off-· 
"•gas' stream to a safe ·temperatu're for the s.ilver reactor~ ·. The T-Fi silver_ 

.. ,reac;tor:removes radioactive fo·d:;ne that_.remained•-in solu:tion.durjng die. 
· • fuel. dissolution· process and did .not escape foto the ·DOG system. -·The·- -

. F-fl filter -remov.es: radioacti ve-beari:ng .Pcfrticul ate matter~ : 

,1._4~4-.2 :Major Components.· .. ·Th~ .major. equ1p111ent items; ,'functions,· nominal. J.,·'. _ 

·- c:apacit-ies;_·and :description~ are summarized ,in Table_.7-15.- ·· · · 

· .... Equipment 

. · . .E-Fl .,. 

: .· [-F2 

.F-Fl · .· . 

.. " .. : ',. 

' TABL:E ·1-1s. · Process. Off:gas System Major Components. 

,- Coridenser · 

. · 'Steam_ heater .. -
. . . . - ' 

Sil ve~ ·;r~actor · · 

':Process vent 
·· Jilter·_ 

. ' . 

·. • ·Description 

40 in<-OD py 10·-ft 6 in. cylindrical 
vessel. · Internally~ E-Fl contai-ns .· 

. 586: tubes 1 in~ OD by 9 ft-,.loilg. See . 
drawing: H-2-63152; . . _ ... 

ift 8 in. -OD by 11 ft 'cylindrical ves
. seL See .drawing H~~.;52530._ ·· ·· 

4./t 6 'in. OD by 13 ft 8 ,'in.~ packing 2 · . 
. beds of.-0.5-in. ·ceramfc berl saddtes . 
equipped.with external heating.coil. 

· See:,drawi ng ·H-2-63162. · · · · 

· 9 ft OD by '8 ft 9 Jn. ~- 4·.1ayers of 
glass~fiber f.ilter media. · SE!e ;drawing 

· . H-2-52527. . . 

7 ~ 4~_4. 3- Operationa 1 : Control."( 32) · During plant operation, steam.:.· .· . 
-. operated jets are used to maintain a ·slight vacuum in the process 'vessels 

·and the condensers.;, This· vacuum assures sufficient -airflow is maintained 
through process Nessels to preclude a buildup of hydrogen formed by . . . 

· radiolysis. ·overpressurization of process vessels· due to chemi_cal reac-:. :· 
tidns is.minimized by controlling reactant, addition,,:rates and/or tempera-· .. 
tures. 'The resulting gaseous str-eam is routed to the prciceSSiVentjlation' 

. offgas. header-,t,hrough the E-Fl ·condenser,. a stearn heater, a silver reactor, 
and.an _in-cell filter to the main ventilation.·system exhaust air .tunnel. · 

.· _The 'main ventihtion systein exhaust fans maintain the pressure -.in the . 
. bui-lding ventilation plenum below. the .exhaust pressure of the: F-Fl filter • 
. When the;plant,is on standby, the -vent jets are operated on air. ·:The .. · 

E-Fl :condenser,; the f..;f2 steam heater, and the· E-Fl l concentrator .and. 
associated eq_uipment are shut down.· · 

Instriumentation automatically, controls the steam supply to the jets .of · 
the condenser, vent system and maintains the. desired vacuum. Vacuum gauges 
·measure the.·vacuum in .the vessel vent headers. A temperature sensor located 

· at the ,outlet of: the _E..;fl condE!nser. automatically controls the flow of 

7.;.42 
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cooling water. The temperature of· the E..;F2 steam heater: is controlled by ·· 
varying the'supply'of 185 lb/in.2 steam; the'temjJera:ture lS maintained at 
160°C during plant operation.· This temperature· is abo'4'.e the volatilization 
temperature of silver-ammonia compounds which could ·form-if a11111Jonia ·were 
inadvertently. (separate system handles ammonia offgas) routei:i through the· 
silver reactor at lower temperatures.:·. These compounds are intermediates in .· 
the production of silver azide.-(33,34) · Jet transfer of the E-Fl conden-., 
sate from receiver TK_;F4 to the' E_;Fll concentrator feed. tank (TK-Fl 2) is . · · 

· controlled by weight/facto.r~. · The.OP· are measured across the -F-Fl filter, 
the E~F2 steam heater,. and the :T-F2 silver· reactor •. Airflow is measured 
between the" silver reactor and·.the filter( .The. reactou.ts and the control 
instrumentation for· the .process.offgas··.system are· located. in the· central .. ··· 

·. control room. . . ·. . . . . . 

. • 7.4.4.4 · Safety Criteria and ''Assurances •. · The. potential ·hazards associated · 
·· with the. operation of the process offgas system are summarized in 

· Table 7-16. 

7.4.5 ·Plutonium Oxi,de: Productfori Facility Off gas System .· 

The process .offgases from·the plutonium oxide conversion· system ... equip-. ··• 
ment are collected by means of a vessel off gas venting system an.d an off gas · · 
treatment.system.(35) The o.ffgases·(after·passing .'through HEPA fi-ltra--.. ·. 
tion) .are discharged into. the canyon .air tunnel ( ventilation system l) · and · 

· . through the. canyo~ fi•lter·s prior: to. di·sch.arge through stack 291 ~A:-1 .. ·. 
'(Fig. 7:..6).· .· .· . · .. · · . · . . . . 

.. 7.4·.5. l Functional Design~ . The.·offgases frbm the Pu(NCl:3)4 storage ·. · · 
··.·.vessels (TK:-M3, -M4, -MS,· and.,..-M6), the prereduction tank· lTK-N5)', and feed, 

· tank (TK-N6) · are col letted by·means of the vessel. vent header.- · The ,com- ·. 
bined flow of .about 425 L/min:standard ~t 25°C passes to cyclone separator·, 
S-N42. The eye.Jone separator has been :Jnstal led to remove any liquid. in '. 
the off gases · f rQIJl · the M ce 1l tanks. "The gases fl ow from the eye 1 one .. · . 
separator to .. heater H:,;.N25, through two stages.of HEPA filtration, a·n·d then 

· .. into the air tu.nnel of :ventilation. system .l .. · The vent header and· S-N42· ··• 
· separator drain to:· TK::-Nl 2 (vess~l vent dra,i.n t:ank). The off gases .are _ · . 

. heated to lOOoc prior to entry into th·e HEPA filter F-N26. to prevent - :, 
condensation of moisture and the ~esultant.~lugging of·the filter~• 

.· .. .The offg as treatment· system processes: the ,calci ner' ( CA-:N9 and ::..NlO) .. ··. 
offgases, fi}trate concentration -system-(Tt<·:..Nl3, ~Nl5, -Nl6, :-N21, -N22) 

· offgases, a:nd vacuum tank;:.(TK:-N30). offga~es. The calcin·er offgas ·from the 
oxalate precfpitat.ion process has a flow rate of about _99 L/min standard at 
400°C ·and is, composed of moisture, air,· carbon dioX:ide, and plutonium oxide:. 

· particulates~ The· calcine.r offgases pass. through filter F-Nl8 to remove 
plutonium oxide particles •. The· filtered· offgases are fed 'to a scrubber 
(TK-Nl9.) along with the offgases from- the. f;Jtrate .condensation system. 

7"'.'43, . · 
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Systerri or 
subsystem 

Process off-. 
gas vacuum 

· Process off
... gas vacuum . 

·, 

Silver · 
reactor 

.- TABLE 7-16.; Summa."ry of Potential Hazards Associated· . . 
with the -Process _Off gas System •. -- . ·• 

En·ergy 
(hazard).• 

Los_s of· -
. va_cuum in 

proces's 
ves·sels 

. ' . 

Chemical re
act ion in 

' process 
·vessel 
· leads to 
. pressure. · 
bu i h:lup 
F~rniatiori· 
of silver 
atide· · 

·_ Entrained 
organic'··;. 

. - . 

Unwanted energf 
flow_.- ( i11c.ident) · 

Le~kage · of r:adio- ·. 
:~ctivity into ceJl 
and canyon 

Leakage of r:-adio- · 
•·activity "into cel_ 1.-
and. canyon · 

. . 

Temperature drops 
. be.low operation al 
val~e~ . . 

_ overpre,ssur.izat1on · 
of process ves·s·e1 · .. · 

.• ;,- . co'nsequence . ,.. . •·· 

. (immediate. and/or. ·•· 
sei:.ondary); 

Radioactive contami- -- .. 
nati6ri; hi~h st~ck 
releases 

' " . 

. Radioat-the 'c6ntami-'. 
~nation; high stack· 
, releases_ 

. . - -· . 

Ex·p los ion _ in silver .·· 
reactor; rel e~se . of ·· 
radioactive .iCldine; · 
h-i gh stack_- rel eases . 

Exp lo
0

S ion\ high_stack .· 
release.·.· 

.... ·,,:_ .·· 

·.· ;. __ Barriers:· (design, 
. admin i strat i.ve, . ·. · . 

· • safety devices·~· etc.) •- -
.. - - ' 

._ Administrati.ve procedu'tes . · 
monitoring of pressure· · 
drop ~nd te111p~r~turt_ ;~ 

. -, .. \, 

. J\dm.inistrative pro-cedures;: 
monitoring of pressure 

·. "drop and temperature · 
. JI .. 

.Reino~e, ··anwnon i a -gases_ i ~-- . 
.arnmo·n ia -.DOG system; _,_no;_; 
ammo·n 1 a reaches· process ·_ 

. off g~s system · · · 

- ,c.ri 
0 

. ' . 

<.::a~ . 
-. ~~---

.. > ·. w .;;,o 
. _- ' - ' 

o· .... •. 
o·· 
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A~miriistrative .proced·ures, .... 
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-I t=..:.:.:J- . I : ,- . ' 1 

L; · _ r--. LoFF-GAs FILTER- · cA-Ns cALCINERs 
--~- . 1 r:- , - cA-N10 _ 

. _ TK-30 __ ·· I I l;K'.N13,FILT~~TE CONCE_NT,RATOR 

~-- GAS FLOW 

--- Ll(lUID FLOW 

. ·, 

VACUUM 
DROP-OUT 
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1
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TANK I' , . _ . . · l TK-N16,-N18 _ . ' . _________________ __, . :==========~ 

vAcLuM · · · L_j · CONDENSATE TANKS · ,_- _· 
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FIGURE 7-'6 •. Plutonium Oxi~e Pr'oduction Facility Offgas r1ow D_iagram • 
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. .<·:The ·vessel :·vent·gas .f~om the oxJde:rework ·facility (TK.;,;N50,·.:.N5l, . : 

. -N52.~ .-N54:and vacuum trap-V.T-·57) .is ,als6•.routed to TK-Nl9_..scrubber·;. ··tn;: 
the: scrubber, the. gases are countercurrently scrubbed and :cooleci°by a· · 
recirculating scrub .li quo·r ·stream which is .cooled· i.n an .. exte.rnal heat . 

. · .exchanger~·.· Excess. condensate from th~ scrubber· is collected_ in the - : . 
:, r.ecei ver: tanks -•(TK-N2T ··and TK:-N22) · and' is ,returned to TK-Fl0 in• the.:. 

backcyc le· waste system. •. · · · · · · · · ··· · 

\ Th~ :off gas from the vacuum :header which -also serves :the: oxide 'rework 
.. faci 1 ity~ .passes through. vacuum TK-N30 arid is then cQmbined wi1:h the .. : : .. >. 

· · TK-Nl9 ·.off gas.· The combi.ned: off gas s.tream .then passes .through ·)cnockout': . ) 
'. tank· TK-N43 ·wh·ich drains to- TK"".N39:.and -N40 to ·remove--entrailied liquid. ·.: 
.· Vessel'JK-~N43; js•eqUipped with an: iridfvidual liquid.detector to ensure no·> 

,':".~ :·. ,. . .• entrained liquids reach .·the HEPA fil,ters and downstr~ani vessels which.ar:-e .. 
:n.ot geometrically f.avorable · for. criticality safety •. ·. ·'··a,:.,.· .. · 

or,! · -H~ter ·H;_N29 raises the temperature: of the ·offgas~ leaving TK-N43 t() 
.'Prevent ~orJdensation .of moisture in the HEPA fi.1 ters: {F-N28): · The coffgas · ·: 
ttien'goes:to :the·suction side of ,the::Vacuum pump.'(VP~N23)~ Offgas flow to·': 

. <jij:! .. ·, .. _toe ·heater .. is approximately·54p Llmih ·stan~ard. 

. .' The :yaculJTl'PllllP ( VP-N23) also· provides the vacuum required for-,.all ... 

. -vacuum transfers in M and· N .cens. · A·. separator/seal liquid Tank (~-N20) •-• · :., 
· •.\ aHows for the entrained liqu.id·.to drop out and 'he ·recycled .into the:··•• : · 

.. · · ·vacuum purrip. · The vacuum· pump gaseous dfscharge· is routed, •to: ·the ve·ssel ·. 
· v:ent;tilowerJB..;N27-l and•.-2) silct\on.for· combined· discharge,·to-the :· 

Ventilation system 1 air tunnel~ · · · ·· 
. . ' 

7.4. 5. 2 Major ·components •. The ·major equipment items, functions, ,,and 
· :descriptions are shpwn in Table ,7-17. · 

.. ,· ; .·4~ 5.3 Ope~ati6na1. Control·. ·. Oper~ti~nal. control of the ~rocess off gas :':' . 
equipment is by panelboard-mounted· instrumentation Jocated rein~tely,.and:: :, 

. shiel de.d· from the p,rocess. Instrumentation monitqrs. ·and controls. tempera-,•.· 
·: ·,. tures~ pressures, flows, volumes,. and otherparameters, necessary to the ... 
. , operation. Critical controls provide continuous· recording and have limit ;. 

alarms• and safety iriterlocks, · as needed, to protect equipment and·• 
· personnel • 

:The:.temper:-~ture of the F-N.18 calciner .blowbac~·filter is maintained 
";··at.,240oC,to prevent moisture .condensation. wMch would resu.lt 1n-plugging. 

,the· ffl ter. · · · ·· · 

', . :,., . ' 

. . 

. ' 

· · .· · · · ·Differential.pressure (DP) indicators are provided. to. monitor :the -· 
. : pressure ·drop across each .HEPA·filter stage. Capability is provided for 
· D0P testing of these 'filters in accordance with the requirements of 

·Ref~rente 23. · · · 

•; ::---

' : ' '.' , .. : . -. ~-



Equipment .·· 

H-N25 heater 

F-N26. filters 

. \_ ... ____ ; "t::,~:?,~!1t·,~a1}.-;_--:·,; \'.J' ... ~---.,l~?~;t\' //, .· . -. 
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·.,TABLE 7-1 ] .. :;, l'.l uton.i.~m Oxide; ~~9d~ction. Facility 
. Off gas System,· Major-Components/' (Sheet l of 2) 

Function. 

Pro.Vides protection for 
HEPA a~ainst liquid 
condensation 
HEPA ffltration . · · 

Description 

Two stages· each·· with two 
· filters in parallel; 

99. 95% efficient · 
. •, 

. ···. Removes ·particulate from S~ainJess steel pipe hous~ 
. ing four l.S~in~-dia.
porous stainless steel 

F7Nl8: calci ner, 
of fgas f i -1_ ter 

TK-Nl9 offgas,. 
scrubber 

TK-N3d vacuum 
tank . ··.· 

,,;;,. TK-N39 vacuum 
drop-ou.t · tank .. 

TK-N40 vacuum· 
drop~·ou~ tank . 

TK-Nl2 Vent 
seal po:t 

· TK-N42 vessel:, 
vent separator, 

. · TK-N43 :vacuum 
•.· ·drop-out t.ank · · 

" ' . ,_. - , . 

. TK-N20· 

: H-N29 heater · 

:. cakin_er offgas · · 

. Removes nitri·c ·adct from 
offgasE!s 

;,· ··. ' 

·Vacuum ~eader. receiver 
tank·· 

·· · P~rmits remov~lof . · .. •. 
entrained liquid from·. · 

·. offgas . ,· . 

. ·. Provides ~verflowi cap a..: 
. city. for TK-N39- .,'. ·· 

Collects moisture from. 
from vessel vent 1 i nes· . · 

. . . 

Separates entrained ves
. sel. vent moisture ·from ... 
air stream . · 

•·. Removes entrained Ji quid 
•.· ·. from. v·acuum offgas 

• ' ', < •• • 

·. Separates.·· li qu 1d from · . 
vacuum pump discharge 

. Provides protection· for 
· HEPA agafost liquid. 
· conden$atibn · 

· fi.lters; automatic.filter··.· 
cle~ning, electric heater. 
to avoid moisture 
condensation 

6~in.-d1a., schedule 80, · 
type.304, stainless steel 

. pipe, 7. 5 ft high; two· spray 
· heads in top section; · 
liquid reservoir in ·bottom; 
demister in outlet 

6 in.;, schedule 80,.stain
. less steel 

6 in., schedule 80, sta, n
less stee 1 

·. 6 in., scheduJe 80, stain:.. 
· ··· less · stee 1 

12 1n~ •high by 4 in. wide; 
Pyrex· 

· .14 in. high by 16 in. wide; . 
, 304L, stainless steel 

6 in.; schedule 80, stain-. 
less steel pipe 

· . 6 in.; schedule 80, stain.:. 
. less steel pipe 

Stai~less steel shell. and.·· 
·tube heat axchanger; 

··steam offgas heater 

I 
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Equipment 

F-N28 filter 

B-N27- l and 
B-N27-2 blowers 
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TABLE. 7-17 •. Plutonium· Oxide Production Facility 
· Offgas System, Major ·components •. (Sheet 2 of 2) 

Function 

HEPA filtration 

. Maintains negative 
pressure in process 
vessels 

,. 7-48 

Description 

Two stages each with two 
filters in parallel; 
99.95% efficient 
Buffalo Forge Model 2RE, 
1.5 HP, 46QVAC, 3 phase, 

· 3500 rpm, capacity. 60 scfm 
@ 140°F and 17 in. WG 
static pressure. 
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. The follo~ing 'interlocks a~~· provide·t.1:0,.a,s~ure 'continued operation 
of the system, protectequipment,_and prevent moisture from reaching the 
HEPA filters.: - ·•-· . . . . _ ' . · • .·. · -_ · _ - _ . · · . -

1 Low flowrate.on the discharge side of process·offgas blowers 
B~N27-l and -2 automatically starts the standby blower and · 

.- a_ctuates the corresponding so-lenoid valveso · · 

1, One of the P-'NJ9 pumps has.been changed to a P-Nll pump. This 
pump allows for cqntinuous·recirclilation of the contents in the. 

-TK-Nl 1_ as· w_ell as. providing· :feed to the TK-Nl_3 concentrator and _ 
rework. back to· .. the vacuum drum filter. . . 

· 1 Low cooling lt~uid flow to vacuum pump .VP-N23~ l automatically 
· - . shuts -off the pump~- -

. - .. ' . ,. ' ' ~ 

. .' . ' . ,, '. . . .·· 

• -A high.weight factor alarm on 'TK-N30 will actuate the MOV _in:.the 
. vacuum/vent -1 ine to'. bypass· the vacuum position and open to the 
- vent posi.tfon. · · · 

e -A liquid detection ·alarm in the vacuum line upstream of the _ 
-· -_ vacuum h_eater,.· H-N29'.'"'1, ·automatically.shuts off the vacuum· pump·, , 
. VP-N23-l. . . . . . . - . 

7.4.5.4·. Safety Criteri~ and Assurance. The_priniar,¥ ~afety concern in _ 
-_the oper.at10n of-the pluton1umox1_de production fac1l1ty process.offgas· __ ·,-. 
· system is the potential.for .criticality in the HEPA _filters •. Although the. 

- ·.vessel vent-filters ·and vacuum header filters ar~f safe for all dry.powder -
loadings, ·liquid·must be exc.luded from the filters to maintain a Keff _ 
below 0.95 at.all powder'loadings.· ·A vessel vent filter protective system 
is designed to drain the vessel:.vent header to an:·overflow seal ·pot · 
(TK-Nl2) in the event Tiquid:enters the ves-sel,vent header from any 
vesseL The ·protective :system"·for the vacuum header filters consists of• -

. two large ·vacuum.dropout vessels in series/TK-N39 and -N40, which will be 
• operated empty .and act as_ su.rge ·capacity for any liquid entering the · · 

- . , vacuum header •. _Independent instrumentation and alarms are provided on 
· e~ch of the two vessels to warn of an off:..standard cond.ition. 

7 _5 .. : LIQUID WASTE TREATMENT_·AND RETENTION, 
• ', •• • < • , ' ' ' 

. . 'T~ere are 'three' groups. of liquid waste; in :PUREX:: . high:.. level process ' .. 
waste, low-level process. wastes, and very-low-activity ·-aqueous ·waste. The · 
high-level '3-nd low-level ·process wastes result directly from the processing 
of spent fuel elements.· _High-level wastes are produ.ced in the recycle · _ 
operati9.ns ofth~ so.lvent extraction· process._ These, high-density_ wastes 
contain 'the bulk {991} of t..he FP· which· generate sufficient heat to cause 

. self-boiling,wh·ne in storage-~ '_The low-level waste contains the remain,ng 
1% of FP in _a very dilute form so that ,additional cooling is· not required~ 
Both high-level .and low-level wastes are·made alkaline prior to transfer 

-to underground st9rag~ tanks~ ·The: various so·urces of high-level and· 
. lo'!'i,.;level process waste haVe.-been tabulated in Table, _7-4~ 
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.. - - 'Jhe,very-law~activi'ty aqueous wastes ar~·sec·ondary''streams whosei .-.· 
c normal a:ctiyity level is bel_ow thaf of:Jal:>le i.-$0 :tnat -~hey may.-:.be.dis:\ 

. ;,charged-to evaporation cribs or ponds.(3) These iriclude•cooJing· water~:. 
-· ·chemical :sewer was_te, and various steam arJd .process- condensates.--- The-,_ 

'sources .of very-low~act'ivity a~ueous :waste :have been:tabiJlate·d in . 
. Table.7-:-5. -- . 

-·:. Figure,-7..:] is a ;:imp.lified -flow--s~hematic of ·the· liquid waste 
-. _ .. - processing .and -disposition.· A more detailed characterization of the 

•· :: : : ·.-high.-:leyel .an_d low".':level .ltquid process wastes, is given -Tal>le·. 7.:;:18. 
- The flow: and projected r~diqnuc lide concentr;ations .in each:of the 
,·ver;y:..1ow-actiy_ity aguepus.,,waste str·eams· fs _giV!:!r,J. _in Table 7-J9. · 

·_·::~i. 
,;;; - : . The high- le'vel liquid waste from the HA_ column contains over 99% :of· -· 

~~ . . .. . . . . 
-,,,_,__;_, · 1:he<FP and· is ·collected ·in F cell~ Tht{waste -is 'Sugar cieni_trated,<made- • · -·t~: ·, · ·_a_l kali ne .<and periodfcally .jetted Jr· batches: _to. the ;241"".AY--tank fariTI -for _ 
~- - ·. · ;storage as hqjling waste. in. doul:>le-:she,ll tanks~or to ·the 241_:AW tar,ik farm-·· 

:-;~- ' : · f Qr storage .in nonboiljng: double-shell waste tanks. · After .the .heat c_on- · 
;_tent·'is deer.eased· sufficientl_ybi radioactive decayo_f-FP; ttie.:.waste may._

,. ", be transferred ,to th·e. 242"-A evaporator· for. further concentration. ·.-The· 
: : •. resultirig. slurry is routed _to, double-shell '.tanks for ·storage. --.. _ _ 

· 7 o5~ 1 .-1 ·::-Design• Objectives~•--· High:le~el 'was1:e ·-is. to -be: stored' temj)or~r·i ly · - -. 
·at thePµREX. Plant.and the tank fann· fo.·liquid-for.ms unti:1 an accepfiible :·: 
solid.ification.process .is identified._ :Alt,pipe.lines· through·-:which the-: . 

_high-level. process :·Waste:fle>ws are stainless steel.: Underground __ piping is -
,···.contained ;within a· concrete. encasement.· Methods .of heat removal<from · . 

vesseis and., plping containing. high-level waste have been included in the . 
design. · · · · · 

. '. ,·. 

·. -7.5.1.2' E rnent' and S stems Descri tion. Th~ process flow diagram 
·. · .':-(Fig.• .7-8 in_dicates: equipment and primary process routes·:for the system. _ 

· ·· ·-.· The functions, typical_ compositions, arid flow- rates of the high-level 
· ... waste·-concentration. streams are summarized· in- Table 7-20~ 

The HAW waste-is collected· in the._high~.level waste concentrator feed: .• 
':••tank ("tK-F}:). ·. It is then,:diluted _w,th· lWF dilution water {recycled ,conden- •· 
·:rsate from ·the.E-F5 coridense,r) to improv_e the 'nitric :acid recovery from ·the .. · 

' -- , .high-level_ waste. A very l .. ciw flow of -sugar solution is ·continuous1Y ~dded _ 
._· . ·to TK-F7 to prevent ru~henium :volatil_ization. 'The sugar .rE!acts ._with nitric · 

·. -~ · .. ac.id to.form nitrite, wh.ich prevents .ruthenium ·oxidation-to volatile ·· ... 
--· :· -ruthenium oxide •. The emerging st.ream from. TK~F7 ·-is cal.led the JWF stream .. 

-· and ·'is _pumped to the high- level waste cor,icentrator, ( E-F6). ,The concen- . 
<: trator is generally operated at_.full -capacity, so the volume of- dilution·. 
'·_ water, added v_aries with the. HAW flow ·rate •. _ 

. . 
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VERY LOW AC!IVITY . 
WASTE TQ CRIBS ,._C_S_L_. -t 

·. AND PONDS ASD 
POD 

. SCD 
CWL-

ORGANIC WASH 

:,··, .. ,-.· · .. 
102:Aw _ 

PUREX 

LOW-.LEVEL: 
WASTE 

CLADDIN.G 
AND . , 
MISCELLANEOUS .· 

242-A.EVAPORATOR • 

TANK.FARM 

FIGURE']-7. Jtquid_W,_~~t~ P,rocess Flowsh,eet •. 

HIGH-LEVEL 
WASTE' 

RCP8008-98B 



.·:;.' 

-~·,\' 
-~-:.: 
f~ •. 

. C.:i:• . 

'Q~: 
,~·z, 

,···~-3-
. ~•ii..~·-. 

:·-:•a:::'':. 

i -- .·-· 
I · .. 

. . . . 

5()-'HS-SAR~OOl ·._. 
,REV 3 :·-

TABLE.< 7-18 •. Hi gh'.'"Level and' Low-Level 'PUREX Wastes~ - (Sheet l:~f 2) · 

Type 

Hi gh-L~ve l · --
- ' . . . 

ZNW -Zirflex ·neutral.; zed . · 
(al kali·ne) waste 

·' 865. · ·U 

- Low-Level 

. ·Cladding : -A'lkal ine. dee ladding waste 
waste.. and. _rinse 

· l, 7-87 ·-

:: . . Pu 

: -OH~ 

Al 
- F- -- -· 

·,zra · ~2H O -- -2 2 ,, 
__ Naf 

_ NaN03 _ -

U -

< 1-:x 1cr4M 
' ·,, ' 4- ' 
3.6.x_ 1.0~ -g/L -

' ;1-.0M' 
-,-•0.66M. 

O.J4M 

. - 0~34M 
' -

- - -2~45M 

0.08M . 
' -=1 : ·,_ -

4~_ 8 -x lO ·_ g/L -

Pu 
' - '-, '' -. 4 ' -. 
: -, 7.9 x 10- >g/L 
-- .,Q.13M·-· 

. . '· · .. ,. _ .. -

·-Al k a] i ne dee 1 adding ~a:s te 
- dissolver rinses and • 
meta th es is rinses 

. -Water ri.nses 
' ' ' 

Centrifuged spent meta- . 
thesis solution:. 

,_<·1 ,400 

625 

'N~OH: 

zr02.2H2o 
.NaF 

-:N~N03 
. KF _ 

,:NaOH 

'u ', 
Pu_-

464. _ KOH''. 

.KF.' 

u 
.. Pu· 

Miscella.- · Sump wastes, etc. 
neous 
canyon .. 
waste 

. '.' . 

-_. 7-52, . -

- :· O~llM .-

·a.BM -.-
'-:-o. 02M. 

' -
•· - 0.004M-

-0.5M 
.1 ~·2. x :_10- l · g/L · 

l ~O x 10·-3, g/L : 

2~6M ---
' - l. 5M - . - -

' ,, ' .. '--2' ' 
1 ~ 2. x 10 - g/L 

_- ' '-.' -4 ' 
l~O x 10. _ g/L -

b -
4~0 g/L -

2 ·x 10-3 -g/Lb _ 
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.··. TABLE 7..:1a. High..;L~vel and Low-Level PUREX Wastes. (Sheet 2 of 2)· 

Type .. 1 r~r I Concentrations 

Low-Level (Continued} 

Org.anic · 
· waste 

· Waste; solvent treatment· · 
System.·1· 

NH .. ·· 3 . NH3 scrubber bottoms. 

a . - . 
. Per tonne of ur~nium. 

bEstimated. ' 

· -560 NaN03 _ 
. Na2co3: 

· · Nno:2 .. 
u 

. ·. b . 

. 95 .• NaOH 

NaN03 

o;o4M 
O. 13M, ·.·· 

0~ 004M. 

3- X l0-4M .• 



) " 

-.:91J.1 i,fm -"•--- 7r,M 
, ,,A ~Jr .. ill ~-t, 1tl '! 

'",• 

Proje~ted·_ Radior,u<;l ;de Coricentrati o~s- ";n, Very-Low~Acti_vi ty, Aqueous 
Waste from-PUREX to cr;bsiand Ponds µCi ml - - -

" TABLE 7-19. 
------~-...-----------',<="'-"=--'-''--"'=----"'-'-'=:.-=--a...-~.;.....:..,_.;:;;--'-'--'~-"-~-"~-"==----r--"'--~----'-----"----

Radionuclide~ 
"process 
c9ndensate . 

. Cri~s -

· .Steam . 
· condensate 

00E Order 5480. 1 
Ponds- - Chapter XI (l) 

- ~ - 0fhit~ 
, .l , -:Cooling , ,, Chemical 
scruober water __ . _ sewer· • concentral 1 on . 

con,densate guide . -

. . 0nsite . 
concentration 

guide 
-----"-""--t---~---+-------4----'-------1-~------------'-'-~----'---t-'---'-----'-'---~+---~---,'--~ 

239Pu 

238u 

·, - 3H 

'90sr 

137 , cs .. 
l06R· It 

60Co 

Annual -
volume (L) 

1.5 x 10·6 

·l.O x lo""8 

. 2 ,2 X lOO 

~. i X 10•6 . 
.- '. ., "5 

- 2, 1 K 10- -

2 ;3 X 10'."6. 

· 2.1 X 10•7 

.. 8.} X 106 . 

. 5,8 X 10:._7 

, : , , -9 , 
2.7 K 10 .. 

8,3 X 10•6 

LO ,K 10•5 

,4,9" K 10-6. 
: , . , 6: 

l:6 X 10._ --

, · 1 ,9 X :10•7: 
LB x '108 

4,5 x 1"0·7,-°- h4 x 10·8 .5-~ 10~6 6,6 X 10·9 

. 4.5 X lO~f ·7'.2 X 10:.,ll 4·~:10~6 . ': 2._6 ·x ·.10• l_O 

1.3 X 10:..2 2.8 X 10•t 3. X 1•• 3 7;1 
: -6 

)( 10 . ,· 

1 ·:o x 10~5 2:.0;:~ I~-S -2 .i ~- 10·8 3 x i1~~7 -
4.0·x-10~7: '.l.8~_1id: '3.3x\o~8 t\c-10"'5 

6.4 X 10-:5 - 1.6 {10~8 ~Jl, X; 10• lO 1 ,c \0:-5: 

8.2 X lQ'."l ;:7j 10'."B 1.0 K 10-:B . 3 :K 10·5 > 
2.2. X 107 ·: -~;9 l<_-10/ ~.1: t108·-

1 x 10·4 

1 X 10-:L 
x ro~-1 

1 )( 10·5· 

,ii )( 16·4 '. 

3. _x 1~-4 

1 )( .10~3 

·,v, 
0 

< ± ,' 
·• ;:c_ Vl __ . 
n, , ,, 

--_. <· v, 
' " )::, 
ul ;:c 

, , .1 

0 
0 
~ ,· 
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.. <TABLE ·7~20 ~ ·· H'igh-Level. Waste C:ontentration, ,ani(su_gar. ID~~itration. Strea~s~:,, 

.:, ,. ·~· \. , ' 

' '.::,: -~ '· 

'.~\,· 
' : ~,._.,,. ··~·,.··. 

Stream. •·· ·._ -• '.Composition 

HA.W ' . u . -· 1 A-x: 1.0- M 

: . . H ~03 - 3 • OM 
. · · Al · - 0 ~09M . 

. F- ·. - 0.02M , 
' ' ' ~ ' ..:5 ' 

:::- 4 ~7 x. 10 . g/L 

·lWF-H' 0 HNO · · .:: 0. lM ·. · .,.-2 , ·.. · 3 · -
. · AAD, .. recycJed E~'FS 

. · condensate 

0>, 
':::.:~--~.,'. :,·:; .lWF~sugar· :· Su.gar·-io:7f.· 

f ;. . ·NaOH . .,; o·~oosM. 

lWF · 

.,.• ,, 

·· lWW 

. u ·• .;, 5~3 X 10-6M' 

HN0
3 

. -:. 1 .2M 

• Al · .. · ,;_ 0.03M -- . 

. •f'.'°:·._ .. - O~OOBM 

• Pu 1.8 .x-10-59/L': 

>U ' 
HN03 

· Al 

F-
Pu 

. ., . . 

i-~ l0-4M-· 

2~aM· 

- 0.68M 

- 0.14M. · 
.. - . 4 .. 

- 3.7 x-·10- g/L 

Denitration Su.gar:- ~ 0.7M. 
. ' -sugar·. · NaOH .. '.,; ·o .005M 

:-HA. ccjlurim waste, sti·eam 

:. Deminerali~ed: H2o ·a}~ernate __ 
.· . added to dilute HAW. ,n TK-F7 . 
·to.allow-more effic:ient .~ . 
, concentrator. operation and 
· acid recovery · . · _· .\ · ·_i. 

. ·_ Feed \reatm~nt . in. ··TK~FT ->to . 
·suppress·. Ru volaM:I izatiort:·· 

. .from acid waste~ · NaOH added· 
. · to. prevent mold . 

·Feed· to. E~-F6. waste 
·.concen_trator · 

. 'Concentrated was_te: overfl OW' 

from concentrator 

.Denitrate lWW 

.. * ,Flow·-· 
. · lL/mio) · 

; _40. l , 

.· ~35 •' 

·, .;•, . 

. . .. ~ ;"'' 

; ._:( 
.. ,: 

· 4.3 . 

l.1· 

: · .ZAW, '.FP · 
u . ' 

•aoo•ci/L 
l x 10-4M .' 

HN0 ·. - 0.0M 

. -Sugar-treated· Zirflex .acid :> . -. 4.3 
waste< which ·is then reacted . 

: -with caustic 
,·· 3. - .. 

·Al - . 0~68M · · 

F- -0.14M·-
.' . - .:,4 

- Pu .. - 3 a x 10 _ g/L · 
'* ' ' · .. s·ased on PUREX processing· rate. of 10 t of uranium_ a day •. , 

j . ' • 
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The.vapors (water and nitric·acid) from the boiling waste are passed 
through a mist eliminator in the deentrainment tower and another mist 
eliminator (T-F6-2) before going to the nitric acid recovery equipment. 
The offgas stream (AAF) is fed to the nitric acid recovery system (see 
Section 6.2). The condensate (lWR) formed in the second mist eliminator 
is returned to the solution section of the concentrator. 

The combination of the deentrainment tower and the second mist elimi
nator effectively decontaminates the offgas stream from FP. A small flow 
of scrub water is added to both the tower and deentratner during waste 
concentration to aid the deentrainment/decontamination process. The scrub 
water returns to the concentrator with the condens.ate as additional di lu
tion water. 

Liquid holdup in the waste concentrator is about 8,300 L, with ~n 
average residence tim~ of about 26 hat an 318 L/h concentrate removal 
rate. The concentrated high-level waste (lWW) overflows continuously to a 
waste-receiver tank (TK-F26). In this tank, the lWW is cooled and moved 
batchwise to the lWW sample and denitration tank (TK-FlS). 

A second denitration tank (TK-F16) is available for further digestion 
if necessary. The waste is made alkaline and routed to the tank farm. 
The amount of 19M sodium hydroxide added is calculated to result in a 1M 
sodium hydroxide-concentration in the alkaline waste. The calculation is 
based on a mole ratio of OH- to aluminum, iron, copper, H+ and F- of 
4, 3, 3, l, and l, respectively, as being required for neutralization, and 
assumes the liquid volumes are additive. 

To ensure adequate FP decontamination of the concentrator overheads, 
the deentrainer spray water and sugar flows to TK-F7 are maintained at 
specified rate sheet values. Also,. "surging" the concentrator by too 
rapid a change in the boil-off rate must be avoided. 

The capacity of the various vessels is shown in Table 7-21. 

7.5.l.3 Operating Procedures. 

7.5.1.3. l Waste Concentration Startup and Shutdown. Prestartup and start
up procedures exist for F cell to establish the necessary conditions for 
startup of the E-F6-l waste concentrator. Prior to startup of the waste 
concentrator, checks are made to ensure that the condenser vent system is 
operating properly, and that there is no organic in TK-F7. Failure to 
have the condenser vent system operating when starting up the E-F6-l con
centrator would result in pressurization of E-F6-l. If any organic is 
left in TK-F7, it could be carried as feed to the E-F6-l concentrator and 
be converted to potentially explosive compounds. The liquid level is 
maintained greater than 22 in. (weight factor greater than 15% of chart) 
to ensure that organic is not pumped to E-F6. 
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.·--vessel. · · Function-

-.- <;_TK-F7/. 
- TK-26 

l'W feed tank 

: 1 WW _r_ec:.ei ver tarik 

1WW GOncentrator • , __ 

> so.:.HS-SAR-001 · 
. . REV 3 - . 

· Capacity 
( L) . . to11111ents 

15, l 00_ 

15,100. 

. -• ·_ TK-F7/F26: are ·side by ·side; 
· : · each· is equipped wjth a . 

. -cool tn·g c:oi l ; _see drawi rig. 

- ., 9,085 ,.: 

H-2-59976 . - . - . 

·. ·S~ctionali zed ·co~centrator; : : 
-.acid ,deentrainment·tower··· .·. -
with·mtst: eliminator; see , 
drawing H-2;..58101. <. · 

•·. T'."'F6-f - - - Mist eliminator·._. Wire mesh deeritr~in111ent. 

.TK-F-16·-. 

. S~mple, and :'denitr~-- -
tion tank 

__ .: '.Denit'ratton-· ZAW 
hold_••:tank 

,·,' 

18,900 . 

'· 

. .18,900-

• filter 

_ 10 ft · oy 9 _ ft 3 >in. ; · s·ee · 
. -drawing -H-2-52521 _ 
- lo::tt ·by· 9 -ft 3 :in.·_, -

-- _. -_. ,The r...:_FS acid_>absorber con·densate recycle pump ;{ activated and the·. 
· T-:'f 5 ab?O.rb_er operation ·is established. as. the· concen:trator is started~ · 
· The· 1wF sugar: addition :is starte<;l ·s'imuit·aneously with .the< receipt of HAW -

·_in _TK.aF7~ Once E-F6 is started,. :the: waste concentrator-acid· absorber . -. 
· -system_:is brought tip-to _normal operating· rate~~ : . -. - . -

· ·rh·e ;sequence . of. the concentr'at6r:· stari~P f o-1,1 ows. -_-- --. -

l. _The-concent,rator .ls.prepared for·operation by-checking the 
· 'auxiliary systems; water -is added to_ the deentrainment pad spcray -• 

and the seal pot~· · · · 

2. ·•If necessary, the•concentrator is filled with·water via ·the sea1--· 
· ,pot-~ ·. · · 

3. - Th·e _ s;team -,is valved :.into the tube bundles. 

- 4. The liquid in the concentrator is ··simmered· with :dei:nin_eralized _ 
-water; an addition from TK-F( to maintain concentrator ·Hquid 
: level until TK-F.7 is receiving HAW •. , . , . 

The· Hquid. :1evel in TK-F7 _is allowed to build up to ·working le~el as 
the JWF flow is started, with a'corresponding increase in: concentrator 

,steam flow. ·.:The E,;.F6 specific gravity. is also allowed toi _increas'e before 
beginning concentrate overflow to TK-F26 •. When- normal operating flows,-are _ 
_ attained, -efficient operation of the concentrator requires a vacuum of 
between 2 :and 5 in. WG. · Operating adjustments, , if necessary, consist of 

'reductions or increases of the T-F5/E-F6- l vent vacuum or reductions · in . 
the .steam flow to the . .tube bundles. 
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The conceritrator is';'s'h~f:.dowr(tbl(ifai'fy 'fatfodUcihg" air to the tube 
bundles, raising the bundle pres.sure unt,i.l the .. automatic high-pressure 
steam cutoff is activated.· The steamDOVare closed and 5 to lOmin later 
.the condensate DOV are closed~ The air-pressure is then reduced to 
10 lb/in.2 g. The concentrator is ·then cooled by opening the condensate · 
DOV and slowly turning on the cooling water to the tube bundle·to avoid 
exceeding-a b_undle::pressure of)9 lb/fn.2 g which would open the steam . 

. pop-off valve .. When the concentrator is cool, the water is turned off and· 
• then.blown out of the tube bundl_es with.30-lb/in.2 g air for 10 to · 

.15 min •. The air _is.:returned to 10 _lb/in.2 g,· which :is maintained -
throughout the shutdown.·•. Water sprays ._to. the .. deentrainment pads are dis·-
conttnued_· when ·E~F6 .is coo.led~ · ·· 

. 7~5~1 •. 3~2 Detectfo~• and Remedy.of·Off_;Standard ·conditions. A summary.
of waste concentration p·rocess contrploff-standar.d conditions· is given ,in . 
Table 7-22. · Typical problems which .. may be encounter:ed while opera~i ng E-F6 
and. appropriate remedtal actions are provided. · · 

For efficient acid' recovery,, the concentrator specific, ·gravitY is 
held constant at the rate sheet value, •and, the· vessel vacuum is controlled 

. between 2 _and 5 in. WG •. · . . i'.,,.•·' 
. -:,;; . To ·avoid the formation of' excess solids in ·the lWW ( and to avoid-

• I • • 

' '' ;-. 
~ :" ·. 

·.· pluggihg lines during subsequent transf~r-s), the ·concentrate specific 
i'.·. _ gravity mu_st not e.~ceed. the rate _sheet valu.e (normally_ equivalent to 1.24 

at 25°C, .and the E-F6 to TK-26 overflow rate must be maintained· at or near 
the_.rate sheet .. _value (normallyA.3 l/mfo) by' adjusting the lWF flow. , 
. \. . . ... . ' .. ' ,, . . 

. To ensure ad~_quate FP decontamination. of- the concentrator.. overheads, 
. the deentrai ner :spray water· _'and sugar -flows Cto _TK-F7 are maintained. at .. 

· specified rate:,sheet values.; Also,- llsurgjl'lg"·the concentrator by too·· 
. ·_ rapid a change in·. the boil .;off rate. mus_t be ,avoided. 

. 7.5 .• 1.3.3 High-Level ·Waste Concentration Process Safety and. . . 
Criticality ·Prevention. Process safety in the waste .concentrator _opera
tion is nearly the same as .for other PUREX Plant concentrator systems. As 
i.n the rest of the plant, the potential exists for pressurizing vessels . . 
and develop_ing 1 eakS-'. in concentr-ator .. tube buhd.les an.d pro~e-ss vessel_ coil,s. · · · 
Any of t.hese event·s . ·could .resu-lt- in r.e lease of. radioactive _material to the . 

•· . environs.· There is ·"also the danger of :explosive chemical· reactions which 
·can damage, process ,.equipment and result fri rel ease of r.adi.oact i ve mate- :· ·' · 
rials outside the canyon.: A ma'jor concern.is improper valving, such as 

_ failing to afr blow·a jet-following· a solution transfer, which could cause 
•.a suckback. from ttie vessel to .. the P&O gallery. 
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. Off~standard condition 

Overconcentrat ion of 
waste in E-F6' 

. . . - . . . . 

. Failure of con.centrator 
(E-F6) feed supply· 

Excessive enfrainme~t 
in F-F6-1 tower 

Exces~iv•~u .volati~i-· 
zation in E-F6 

High tower DP (E-F6)'• 

Excess he organic 1n 
feed to E-F6 

Excess·ive corro·s ion ·in . 
absorber 

•· Pressurization of E~Fii 

·. No overflow from E-F6 · 

. . 

High temperature tn • 
concentrator 

l'ressurizat ton of . 
. TK-F15 during sugar 
·denitration · 

TABLE. 7.~22.· ·waste· Ccmce.ntr,a~fon~·~Off-'St~niard, Con'di tto·ns/ 
How d~tected Ukely cause . .Oetect·io~ .(if catis~ 

Increase in concentrato~ · 
boiling point; increase 
in concentrator specific. 
grav tty.· 

. .G~adu;j l decr~a~e in pro-· · 
duct removal rate; de- . 
creasing feed. flow rate 
(lWF) . ' . 

· High tower DP reading; 
analysts· of recovered 
=~:tn~~F3)_ for~ganina 

Analyst~ of reco\iered 
. HN.1)3 for Ru • . 

·• Tower OP readings 

- : . - ' . . . 

Readings on TK•fl. 
organ tc detector 

. . ... 
· Analysts of recovered 
·. ai: id;· decrease in ANN 

add ft ion rate · 

· 1i'1uctua.t fng overflow 
rate; fluctuating WF 
readings.·· · · 

· Increase tn'concentrate 
specific gravity; fluc
tuat Ing· E-F6 weight· 
factor; no Increase tn· 
F-26 weight factor .·· • 
Temperature recorder' on . 
concentrator.bottoms 

.Pressure r~adfng~ on 
TK;.f15· ·· · ~--•.: 

. Oecreas tng_ feed flow. ( lWF) 
without a corripensat tng . . .. 
red_uct.1ori ·of, _st.earn flow . 

. , . .. 

Fat lure of pO~p· be.tween 
TK~F7 and E-F6 

Excessively high botl_.up 
.· rate 

High HN0
3 

·concentration · .. 
tri E-F.6 pottoms; low sugar 
flow to TK-F7 · 
Vapor velocity too high 
(most likely to occur 

• during_ startup)' . . . 
:Entra tnment of .organic In 

· HAW system from solvent, . 
extract.ton syste111 · · · 

becrease tn AN~-~dditfon 
rate caus Ing F corrcis fiin. . · . . . ' . - . . 

Foaming due to. high sugar' 
addition rate to TK..:F7 .. 

Low feed rate fo lWF; 
· overconcentrat ton due ,: . 
.to high steam flow 

:High st~am pres~ure: In . 
cotls of concentrator ' 

.. :reb(!Her 
o~erconceritratjon or in> 

. suff 1cient acid tio11off. 

· Rate:of · sugar solutio11: 
aildtttoi't ton'fast; sugar. 
added.to 11<..:r:ts when · .... · 
tank teritpf!ratur'e 85°C":., 
( tank accuniul ates unreac_~ 

. ted sugar) .then. tank · · 
· heated ab1,ve 90°C: anti-' 
·.·foam not added_. · 

Flo~ meters on lWF and 
ste'ani flow: to concen
trato.r rebofler, . · · 

. . , ... ·· . 

See ·11 Ho~ .detected'; 

• I • 

High tower DP. reading 

Remedy.· 

. E'stablish correct ratio 
between· :feed rate 'and . · 

..concentrate re111oval by•. 
adjusting_ste~m flow and 
lWF flow . . . . . 

Res_lo~e feed pump to · 
service 

Oet~ease b~il-up J:~t:e by 
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. concentrator r·ebo i ler 

Analysis of recovered . · D{l~te :teed wHh ·drnni~7 . 
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. ' . ' ·. 
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See "How detected."· 
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-~ugar. add it Ion· 1 tne. 

. Flow meter on lWF';. flow . 
meter ori steam:.. . , · 

. si:'eam pressure tnstru-
.. men tat ton · 

. i:it~h ~oncentrator·: bottoms 
temperature an.d normal 

. steam pressure·.: · ·· 
tnstrumentat ton 

. 'Flow retarder .ori SUgdr' 
addttton line; temper.a- . 
ture recorder· ori . .· · ·' 
fl<-F15. . 

oeci-ease rate. or steam. 
'flow to ·the concentrator. 

. ·. retioi ler.'. . · . · 
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·operation: . 
. (ncrejs• ANN addlti~~ rat~ 

,.. . ' 
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· rate to TK.'.f7 

'. . :;. 

lnt~ease lWF f.low rate; · 
: de·crease steam. f I ow · 

· . Oec~eas·e steam 'pressure/· 
;1 flow,: ., . .,_.. .. : · .. · '· 

Slow f~te;of suy<1/ addt~ 
··. t ion;. stop_ If iilicessaryj ., .. 

add ant I foam.:., 
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Various methods: are· used ,to:monit'ortll;ie protesit:and prevent these 
. _occurrences.' "Instrumentation ,is instalJed,to monitor and· control vessel 

pressure. Tube bundles and coils are constaritly pressurized to assure any . 
leakage is into the process.rather than from the process to the environs • 

.: The liquid level in the unagitated TK~F7 is controlled to assure gross 
quantities of organic are not introduced to. the concentrator, which is 
controlled at a safe temperature. · Steam flow to the concentrator tube 
bund.les is automatically shut off.and.air is turned onif th·e steam· 
pressure or concentrator temperature exceeds a preset limit. Valving 

· sequences are _specified in operating· procedures-~ · . 

. . When adj us ti tig · the concentrator: vacuum, pressurization of the ·con-

.· centrator is.·avoided by .111aking small, ( 3% of chart) adjustments in· the ·. . 
controller setpoint for-the T_.F5/E-F6 vent vacuum and by allowing adequate .. 

. time between ,adjustments;forthe vent system readings to .stabilize. 

In the concentrator,· introducti'ori, ·of organic sqlvent would_ create a 
·potentially explosive; complex· mixtur·e .of tributylphosphate (TBP) '(and 

. · diluent) degradation cpmpounds and, nitric acid, that c,an explode at temper-·. 
· ature·s in excess··of .l50°_C; 'The·maximum permissible ·E-F6 concentrator 

: temperature is· higher than· in the produ·ct and backcycle waste.· concen- · · 
· trators, where high concentrations of·, uran_ium, plutonium, or neptunium ·are 

present. To prevent such·conditions, the following controls exist: 
. ' .r. . . ' . . 

·. · • .TK-F7 is checked for. org·an ic · before startup, at shutdown; and. when
ever the .. HA. column .iJpera:t ion· is·. upset. · The concentrator is brought· .. · 

•. ·., up to ~oi'ling·wi:th n'it,rjc·,:acid before 'introducing fresh feed . ·• 

. • The maximum steam pressure to the ccincent~ator tube bundles is 
·: .. 39. l.b/in~2- g, (the pressure- at w~fch ~he steam pop-off· valv.es are 
,',setJ.o .... ' .·· .. '.' _·,' ,-· 

1 Should t·he, stearrl'temperature'·'exceed l40°C, th~ steam is auto.:'._ 
.matic.all1 shut.off.'\' •. S ··. ··· .. · ·· . -

. ; . . . . ' . 

Nuclear criticality·p;ev~ntion .in the waste concentration vessels is 
provided by.administrative controls (HAW sample).(37).,-. 

. ].5.1.3;.'4, Sugar Deri:itratiOn_' Process/ Sug~r, denitration of lWW is .. 
· car,ried out to •.increase the acid, recovery from the lWW stream, t~ereby · 

_· decreasing the quantity of. sodium: hydr.oxid~- required· in subsequent processes· . 
to-neutraljze the acid.·waste •.. :Tryis 'r~duction'in sodium hydroxide usag'e also' 
reduces the waste,.volume which'tiJust be sto.red-in•the underground waste tanks~ 

: • •• • ' ,,. ' ' •• •• , • < 

The proces~- fs ,a ·batd1• trea'tment whe·r.ein ,7,500 .to, 11,300 L of acid. waste. 
are heated· to 95°C to 100°C in TK ... fl5. A 2Z wt% sucrose solution is added 
for 12 hat. a controlled rate,;of.llSto 160 kgof solution an hour (based on 

-·1wwvolu111e and nitric•acid concentration)~. Additi'on of sucrose solution is· 
- continued .until sufficient sugar has bee,n added· to decrease the nitric acid -
_.concentration to' less:than lM •.. A dige'stiori period of l2 h is required after. 
'iiddi.tfon. is completed.,: . . , . 
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The primary system controls are the solution temperature and the vessel 
vacuum. An interlock ensures that the temperature is 93°C before introduc
tion of any sugar, and that it is maintained above 93°C to prevent accumula
tion of unreacted sugar. Further, the tank contents are maintained under 
vacuum to ensure removal of reaction gases. Vacuum in TK-Fl5 is controlled 
by a combination of the E-F6 vacuum, the activation of a booster jet when 
necessary, and the temperature control of the sugar denitration reaction 
rate.(36) If normal vacuum supplied by E-F6 is insufficient to maintain 
the TK-Fl5 vaculJTI per a pressure recorder-controller setpoint, a pressure 

.alarm activates a booster jet and.the pressure recorder-controller adjusts 
the steam supply to the jet. If the booster jet cannot maintain the .desired 
vacuum, the temperature controller for TK-Fl5 must be manually lowered to 
reduce the offgas rate. 

Pressurization of E-F6 as a result of high sugar den·itration rates in 
TK-F15 is not physically possible. The offgas line from TK-Fl5 to E-F6 is 
too restrictive to allow gas flow rates sufficient to pressurize tfle con
centrator, even when the TK-Fl5 vacuum booster jet is operating. A seal 
pot (20 in.} is installed on TK-Fl5 to prevent gross over-pressurization of 
that vessel. 

7.5.1.3.5 Waste Accountability Measurement. The -high-level waste 
transferred from the PUREX Plant to the tank farm is samp·led for final 
accountability measurement of any uranium, plutonium, or 11eptunfom associated 
with the waste batch. Any waste batch containing above-standard amounts of 
uranium, or plutonium, is identified and recycled for reprocessing (as 
·described in Section 7.5.2.7) prior to final accountability sampling. 

7.5.2 Low-Level Waste 

7.5.2. l Design Objectives. Low-leve.1 liquid waste systems are designed to 
contain the waste until it can be safely discharged. All ground discharged 
streams must either be proportionally sampled and measured for flow or batch 
accumulated, sampled, and measured for volume. In addition, continuously 
discharged streams must be monitored and continuous surface discharges must 
have diversion capability to a contained system. 

7.5.2.2 Cladding Waste. Wastes resulting from cladding dissolution opera
tion contain uranitJTI and plutonium, in both solution and solid fonn, as the 
flourioe salts. The solid fluorides are removed by centrifugation and the 
cladding waste is sent to underground storage. 

7.5.2.2. l Decladding Waste System Description. The decladding flow 
diagram (Fi 9. 7-9) shows the decladding streams and the major_ components of 
the metal dissolution and feed preparation system. 
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. . . ' .. '/ ; · ... )' .. ! ' .. -.:;;(:':)':\<·:·•:; ' ..• ' .. · .· •. ·,, 
: All -decladdi ng wa.ste 'batches: are, processei:rfor uranfoin '.and pl~tonium 

. · recovery by centrifugation •... The ,soJution that ·'remains. fol Jawing -centri-, 
· :. fugation of the cladd_ing· waste :fs·:made alkqline by 11 re.verse strike 11 witt:i , 

·-.·. : , .,:- caustic Solution qnd -transferred ·t~ 1Jnderground storage tctnks.: Reverse . :'.' 
.··. strike alkalinization consists of tr,an$ferr-i_ng the· acidic. decladding ~aste 

into the alkal ini zation and transfer tank,. which contains· a 50% sodium . 
. hydr~xide- solution. . . ·. , . . , . . . . 

.. . . 7·~5.·2.2·.2· Operating Procedures. 'Decladding'·solutionwaste con.;; 
·· -taining.·.ammonium fluozirconate ._and unconsumed Z:irfJex .dissolvent :;s · . 

. ·-•··· ··•··, jetted,;, after settling;· from .the .dissolver. to ·JK~D2~ . It, is ,then. trans~ · _ 
... ,_i._ :ferred-· to TK.:E3 'which 'f:eeds: the :G.;.E2/E4 centrifuge,. the ·overflow-:of :which , .-_ 
: ·,· .. , is coflected '.in TK-E5~ . .Prior· to-receiving the.centrifuge· overflow, ·s.od•ium _." 

. ·hydroxide·is•added to TK-E5 so that the reaction with the decladding so)u-
.tion drives off· the anmonia. · Centrifuge: solids are returned .to TK-E3~.. : · · · 

· ·wnere·.any uranf~ fluoride and plutonium fluoride: is meta1thes1zed . .-to •· -·· 
hydrated oxides;· which are then slurried again· to the centr.ifuge~ The · . 

-~'. 

• ' sol ids resulting fran ,.the .. second centrifugat,ion ·are routed with° ANN .ar19 ·'.· .. , 
·_ nitric. ;acid. ·solution to ,TK-El for dissolution with: nitric· acid~= :.:Spent, , 
. : metathesis:_ solutions and: all ·dec,laddfog·· rinse, soJutions a:lso·:leave the/: ' 

·202-A butldingvia_ the .decladding :waste ,system~- ;.Because ·it.· is possible->':,,-•. -. 
· -~ ·_,<.;· -for.plutoniun to.accumulate.jn.the'.cladding waste· system, the--following.· ·.·.: 

crit,icality prevention limits have _been adopted for .TK-El 1; E3, E5~ -and the 

1. ·: 

G-E2/E4 centrifuges:_( 37, 38) · · .. _ · ·. · . . · 

'·• 'When the :prec~d-i ng ves.sel s are ::used fo{·Zi rflex>pr~ce!faing/theO > 
,'maximlJTi ·-allowable ,!Jlass.-of plutonium -.received from··any .. vessel:d 
.shall b_e· limited to 500· g . -' · 

· ·• When used for storage of n·itrate ·solutions: ·· 
~ . ' . . . 

. ' ' 

, - , The maximum allowable mass of plutonium in :G"".'E2 ·and .~E4: > . ', 
shall .be 500 g each·· .. : · · · 

··• The maximum· allowable _plut~niu~·mass in th1: other vessels . 
of the, centrifuge system shalf be in accordance wit.h ~he ,' 
following: · · 

Tank· 

· TK,:.:El . 

· 'TK~E3 · .. 

·. TK.;;E5 ·· 

Plutonium (g) 

· 7,200 . 

· l 2~'400 

. 12,400 
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•. - . The n itr.ic, Acicl,,concentratipn., .. ~tJ~lJ/ 6e2greater than o. 5M 
· whenever th~ plutonium mass ·exceeds- -500 g · . 

.. Prior to the.introduction of solutions containing greater. 
than 500 g of plutoniuin·to any tank included in the tabula'."'· 
tion ·above, the- steam supply lines to the following jet 
transfer systems shall be nuclear blanked: TK-E3 to G-E2 
and TK-E3 to G-E4. · .. .. · . . . · · 

• Whem used for· purposes other than defined above without. speCifjc, 
· prior approval by-. the Manager, Criticality Engineering and 

Analysis, the .. mass_pf plutoniu~ in each of the above vess~ls 
· shall be less than 500 g~ -

The criticaiity prevention''fimits 'are verified by sampling ·and 
analyzing the conte,nts of_ all tanks. · 

7.5.2~3- Ca~yon Sumps and•Miscellaneou·swastes. The·sources of these· 
· wastes .are shown in Figure ):-lQ. Jhe most. signtficant· volume is from the 
;osump jet:out. h'eader •. - · · · 

. , ' ,· - . -_.' 

7.5.2-.3~ l System Description~· The piping qrains all of the waste 
· into TK-f 18, ·· a 18, 900-L tank equfpped w.ith cooling coi 1 s, agitator,. and 
liquid-level specific .gravity and temperature jnstrumentation~ 

7 .5~2.3.2 .. Operating Pro.cedures~ The batchwise operation begins with 
. accumulation of an inventory ·and- measureinefr,t of product, pH, 137cs. con.; .. 

tent~ etc. The content_s -of ,the waste receiver tank. (TK-F-18) are main~ _ 
tairied acidic. quring the accumulation period to mi'nimize the potential for 

.·_ ·accidental precip itation_CJf pJutoni_um, -whtch could result from the intro-- · 
duct ion of sump solutfons of- unknnwn __ composition •.. The contents: are 
sampl~ after ·each addition of ·sump solution or conce~trated ammonia 

.scrubber waste, which _is handled as. a separate waste batch •. When a waste 
batch is_ accumulated, the contents are analyzed··fpr' plutonium,_ 137cs, 
H:+,, and/or pH, fol lowing which the ,contents -are'. eith'er made basic and 

_ .. sent to underground storage or jetted to the ~aste rework tank (TK-F8) 
(see Section 7.5.2.7), depenqing ori the amount of plutonium in .the .liquid 
·and the ,waste source.· lllight ,water" used_ i-n the· fire preve_ntion_ system 
has been· shown _to be detrimental to· th~ PUREX ·p_r:ocess because -it causes 

- · excessive foaming: during· concentration~, The li-ght .water collec~ed in 
.. _ TK-Fl8 as a result of testing the_. fire prevention system is m~de basic. and 

.sent to· underground storage where adequate dil,utionis provided to mini-· 
mi ze prob 1 e(ils during ftJrther processing. ·. Bec<1use _it· is poss i b 1 e for p 1 u- · 

·- tonium .. to accumulate in. -TK-Fl8, the following two criticality prevention 
li111its have_- heen est ab H shed;: (37~38)> · · 

• For acidic ,solutions, ,the maximum a·ll.owable amount of plutoniu,m ' 
is 12,400 g -- · · · · · 

• In:·,solut1on neutrah.zed.for d{sposal, th·e plutonium mass is 
. limited. to less .t.han 50,0· g. · . . 

·: '.,.· ·. ·:·· 
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FIGURE 7-10. Canyon S1.111ps and Miscellaneous Liquid Wastes. 

7-66 



I 
'· 

I 

I 

~: !f':lr,·. 

~, .. ' 

-··tr!'. 
'-~,. 

so:..i-ls-sAR-001 · 
. R·Ev: 3. 

7 .5. 2.4 Misceflaneou~ ·~~;v,;ic~·· Faci l iti~~ &aste:•: The sources of these 
wastes are shown 1n Figure 7-11. . The waste from the stack is from the 
periodic: wash· down of the stacke 

7.5.2.4.l ·System.Description.· liquid wastes from the 291 area (stack 
condensate, main filter drainage,_cooler water, sump accumulations from 

· the 293-~A.buHding, etce)· are collected in 216-A TK;..2 and routinely jetted_· 
to TK-UJ: for disposal to -underground storage tanks •.. Mi see 11 aneous ·l abora
tory wastes and-206~A sump wastes are also routed to eitherTK-UJ .. or TK-U4.

. for di~pos~l. Tan.ks TK-U3 a~d.TK~U4 ar~= 31,225-L, cylindrical tanks_,_,- . ,•· 
10ft 1n diameter, and, 14 ft.high (drawing H-2-54171) •. The 216-A TK-2 is 

·- a 9,500-L,: cylind.r:ical tank,. 8 .ft jri diameter and 7 'ft high. · 

. 7.5~2._4 •. 2 Operating- Procedures.· When a batch is accumulated inTK-U3 
or -U4, the·waste is diverted to the .empty. tank and. the batch is sampled 

· for uranium, plutonium, H+, and/or pH analysis. Tbe contents are ei.ther 
made basic and sent. to·_ under·ground _storage or jetted to the waste rework. 
tank (TK-F8), depending on the amount of plutonium ·fn the liquid and the 

--~---· 
· waste source. · Because. it is possible for plutonium to accumulate in TK:-U3 
. and -U4, a critical i.ty prevention :limit of no mol".'e than 500· g in each tank, ~'-

•'.~t~ . Q<·· has been established~ :. · · · · 

7.5.2.5 ·organic·wash Waste.--Theorgan·ic wash waste system is shown in 
~· · Figure 7-12. Periodically, the aqueous alkaline-permanganate wash• so lu-

. .. tion i.n T.K~Gl or -R r of solvent treatment systems l and 2 must be· changed 
·-. ,.·. out .because of reduced pH,- accumulated FP-~. accumulated plutonium and · 

uranium, and the presence of' organic·=Jmpurities whi'ch reduce the effec-. 
tiveness of the w~sh solution.· In G cell, ~bout three~fourths of the 

· depleted scrub soluti.on is. then jetted. to TK-G8,. ·where it is batch 
._ transferred to the· tank farm for: ·processing in the 2,42-A evaporator~· . In. 

·d .•. R eel l, about three-fourths of the aqueous wash 'in TK-Rl is then jetted 
,.,,. , .. to Tl<-Gl • to, be reused· -as a wash _in solv~nt system 1, or. can be· jetted _to ·.·· 

TK-R8 :_for disposal to the tarik .farm. .Vessels· TK-G8 and -RS are standard, -
··. PUREX Plant, 1.8,~00-l· tanks. (drawing- H-2.;.52521) •· 

. _When a batch of organic wash waste"is accumulated in either TK-G8 
or -R8, it is sampled.and analyzed for-plutonium content, H+; and/or pH 

',analysis •. On.occasion;'itniaybe necessary to neutralize the,batch with 
caustfc to assure, pH greater thari 9.0 prior to transfer. Accountability· 

_ ·• records are kept on vo.]umes anq product quantities transferred to: under-
·. · groun~ storage... · 

' ' A sma 11: i nven,to~y: of so 1 vent' in either tank is normal and resu 1 ts from' 
· solvent ~ntrainment in solutions transferred int~ the waste receiver tank. 

.Waste transfers to underground storage are automatically cut off by a low 
. · specific-gravity electrical inter.Jock when the solution specific gra.vity 
. above the transfer jet suction- is less than the value of water, so· that 
. the· tanks are never jetted dry~·-·· · ·· 
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FIGURE 7-11. . Service Facilities·. Waste. 
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Because it is possible for plutonium to accum~late 'in TK-68'.ani-Rs · ... 

the following criticality prevention ·limits .have been esta_blished:{37_,38j · 

-• The pl,utonium ·m.ass •shall· be limited to 500 ·Q .in e~ch tank.-

.. ,'· •.. For solutions which are to be sent to· underground storage, .. the .. • 
·.plutonium concentration shall be limited to·less·than·o.013·9/L' . ' . ' . , . , . - . ' . 

. . . -

. 7.5.2.6 :· Ammonia ·Scrubber Waste. The ASW concentration sjstem evaporates ... -
:. waste from the- three dissolver ammonia scrubbers and. the E. cell scrubber. • 
,'Av~rage ·stream composi:tions for>this• system b·ased· on a processing. rate ,of';:· 

. 10 J of 0.94.7% 235U-enriched. uranium per day·are · lfsted fo. Table: 7~23. . · ... 
·The.system consist.s of .. three tanks and .the :offgas system. ~lready' <;lescribed · , 
,in Sectio11 7. 4_. 3. · The •three. tanks are the concentrator ·feed tank (TK-Fl 2, -_ 
·~tanda.rd~ PUREX Plant, JS, 900-l tank,_ drawing· H-2-52521), the :concentrator· 

.·· .. {E-Fll-1,drawings H-2-64663,·H-2..;66047, H-'2-58·100,.H-2-58755; and -.: : 
· ... , :. H;.,2-64705), <and .the waste ·transfe·r tank· (TK-Fl8, standard 1, PUREX, :18,900.":'L , 

. , :tank,·, drawing' H-2-52521) •. The.three tanks, as wel.1 as .th.e_ of.fg_as system~ 
-.• .. ·.•·~-=c:.:'. · .,. are strnwrf'i.n:Fig·ure 7-13 •. The ammonia· co11densate,sstream (ASD}; which-. ·>;. 

' ··: originates from the ,condenser_ (E-Fll.;.2) ; __ is idiscussed jn Section, 7~5 .• 3.3.--· · 
-"¾,m,;;;:. ' , . • , . • ' :,', ' , . . - ;, '. ,,•. a,', 

:::-m~~' 
•. ~'-

0 
-•• ··• • , :'Alth~ugh-·the concentrator and·· conden'ser.can· be -ope~aited continuously' 

·-· .. ·" .· .. at,boil::-oftrates· of abo,u:t 200 L/min~··the.processing_ rate!;· vari:t~r:oug~out,, 
. ,',_, the _dissolver>and the: declad_ding waste treatment cycles. . . . ,. 

' ':The ,rad.ioa~tivity of th"e c·ondensate . .is .monitored a~cl. allowed to , : '' 
increase to a predetermined level b_efore shutdown~ :coollng, ·and j·etting :. : 

. :the .,bottoms to the .waste transfer, tank~ The .90sr concentration in the · ··. <': ;.; ••:conde~sate_ is th~ :cr_i:terion _for dumping the c:oncentrcltor. ·_ 

. ... ' : The CO!ldenser is ,operated to .• , i q1;1i fy. the vapor; ··and sub:..cooi,-the ••.. 
· <- ·condensate •. · A portion of the· condensate is routed through· spray ,nozzles 

- back. to the·. condenser to scrub residual arrrnon i a f.r'om the vapor stream. · 
.. UP to '57 L/miri of the condensate can be recirculated. this: way~ Be<:ause o.f 

.-its· affin.ity. for cold water, nearly all of th_e·ammonia is· absorbed .in _the 
subcooled .. condensate. Because it is possible for plutonium to accumulate . ' 

· in TK-Fl2 a~d _in- the E-Fll-1 concentrator, criticality limits have bee·n: · 
established.(38) Compliance.with the llmits are verified.:·by sampling · 

. ·- - :a.nd analyzing thei:contents.of TK-Fl2 and concentrator E-Fn-1~ 

· · 7~:5.2 .• _7 · Waste· Handl:i ng Rework>: Plutonium ·or uran'ium ~asie· sohitio~s . 
whichare,generated in solverit extraction·processJng and ir1hich r,equire . 
rework for_ recovery of. product-materials.must undergo extensive pre·t .. reat- · 
ment. before return ·to the· process. -. The ·waste ~ework · tank _.('TK-F8l. c1nd con-
.denser: (E-F9), shown· .in Figure 7-14, are·\used. to hydrolyz,e .organ·ics in·the 

. ·waste by boiling the material in reflux fqr about 3 wk. O.ilute··-waste may 
also.be concentrated.in this tank:in preparation for product recovery • 

. During concentratfon; .the E_;fg condensate is ;routea ·to the lWF tank, .. 
TK-F7.; After processing, the liquid is_'introduced- in small ·quantities to. 

, the PUREX Plant solvent extraction feed ·tanks.· 

. . . 

. -· . .7-70 ·_ . 

. ,: ... '. 

. . . ,' '~- -

' : 

,,- ' ,-, 

. -,~ , ·,;, 



'-J' , · 
'' --..J ' 

--I 

-Ir- ':_;· - -···--;-

' r.,qtJ JI i:z··, 0.1 .·~a·r(m : ~ .. ,; ,, · 
'. . - J J~ ;J ""! ·:;i ,,JJ !(H . . 
.TABLE 7-23. Ammonia Scrubber nu~.~r and Ventilation System Steam. 

Condensate ConE~.n-~ratjpn and Djsp_~sal Streams.{25J · . 
Stream 

.. ~echdding c~ndensate ·. ·.•. 
and spent NH scrub.-, 
wat~r. from dlssolV~r 
ce 11 s · 
Metathesis sperit · •. 
ammonia scrub water:. · 

E c;elJ spentNH3 · 
.scrub water •· 

: PUR,EX vessel and- cori
' denser yenfjet steam·. 
condensate .·•. 

Compos it ion 
.· ·. \ 

· NH40H ·- 0.58M 

)06Ru-Rh 1·~5 X l04 :Ci/L 

NH40H . · Trace 

- 0.41M 

. ·}()~Ru-Rh. ~- '.250 Ci/L · 

H 0 .' 2 

· HN0' · · ., . 3 .. 

' .',. - . ',• 

' ' ' 

:.. Trace .. 
' ' 

· .Na0H add ·.• .. ··• .NaOH·. - 19M: 

'.·• ASD condensate 

1r. · 

Condenser offgas 

ASW 

NH40H. . - 0~3M .. 

. l06Ru.:Rhb·_ 0.064:C~/L: 

-, 1% . ' 

.:. 4% 

- 95% 

106Ru-Rh - -:- 61 Ci/d 

function · · · 

Feed to· c~ncentrator 

. . - . . ' ; . 

Feed to conce~trator· . ,·., . ';. 

Feed to concentrator 

Feed to con.centrator 

. .Prevent formatio~ of 
· NH~N0

3 
from react fon ·. · 

of NH OH with trace .. 
quantities of HN03 in• 
jet co11densates . · .· 

. ·Route -condensate with . 
most of NH to ·• · · · 
216-A-36-:-B3underground- . 
disposal trench or 
cri!> . 

' ' 

Route offgas to 
• NH3 stack 

Route concentrated 
waste to underground. 
st~~age tank · ... · 

'' ' -,· 

Volume or flowa 

67,000 L 
', 

• 10~200 L 

70,800 L 

. 81 ~700 L · 

4.~- L 

230,000 L 

130 ft3/mi~ at 
35°c 

.6,800 L batch 
as required . 

·· aFor processing of lO t per· day of 0.94.nc:' U •-enric;hed Mark IV U ·fuel· froni N Reactor.·· · 
b . . . . 

106
Ru,..Rh v·a1·ue based oi1 pro.cess ing·· 180-d ·cooled fu~l. , Value is 1 ~9 Ci/l for 5.:-yr· cooled fuel. · 

:-:, "',~ 

' ,· V, 
:c 

', :·J: ' 
,, ;:g V, 

. '11 I . <va ·:r:-.·. ' w ;:g ' 

I 
·O ··o 

_..,_· . 
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' ~ ' . 
1 • 
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FIGURE 7-13. Ammonia Scrubber Waste Treatment (se1e Fig. 7-4). 
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System. 
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.' .. Organic that accumulates ii, ·va-rioi1f'feed :arif storage tanks, such as. 
TK-FlO in the backcyc le waste system, is ·decanted and· routed to TK-Fl 3 for 
recovery. · The organic recovery -is accomplished by first removing any _ 
product with a. 3% nitric. acid ·strip solution,· which is intimately mixed 

·· with the organi.c, then settled, s,ampled for product analyses, and routed 
to either TK-FlO in the backcycle waste system or to TK~G8 for disposal, 
depending on product contente Ttle organic is- then washed in TK-Fl 3 -with -
sodilrri-:carbonate-potassium permanganate solution •. The washed organic is · 

- . - decanted to TK.;.Gl for reproc~ssirig, and·th·e. aqueous .waste.,is j~tted:to the . 
. . wash. waste tank (TK G-8)·. ·· ·.· . _ .. - , . . . · 

_ 7.5.2.7_. l . Waste Rewo~k Operating Pr.ocedures~ .. The:following_ is a 
·. -, general> outline>of the TK-F8.-rework operation •. 

: , .. 1-. · Prior to '. rework throu.gh TK-F8, the material is·. samp 1 ed and 
• analyzed for uranium, plutorlium~ neptunium,- and nitric acid. 

2. _ The E:..fg_'c;ondensate· is routed for total reflux, and the waste· is 
transferred from TK-Fl8 or -Fl3 to -F8 without agitation to 
avoid transferring organic. : · · 

3. The nitric acid concentration of the waste js• adjusted .to 2M • 

-; 4. Water to the-~Tl(~F8 •coil · i·s t_urned off, and steam is introduced -·. 
to heat ·the waste to .boiling. · · · 

'5. To "hyd~olyze o~g~riic degr~dation products,· the- E;.,Fg condenser. 
is left in the·reflux mode during boiling, and the waste .is. 
refluxed, for a per-iod of about 3 wk~-

. :.6. ·If :th.e-waste ·:is to be .concentrated, .the TK:.:Fa c.ondehsed over-:-.'.· 
·-·heads are, routed 'from F9 to· F7. · · · 

1 .' "Liquid-concentration· \s;'termi.nated at· the des.ired spec_ ific_· -
gravity. ·· · · · · 

a. ·- The tank co.ntents are cooled at the end of· the concentration or ·- · 
, reflux by , slowly turn,i ng. ·the steam off -and a·ddi ng coo.ling . water.· -

··- .to the coi.l; theagitator_is.turned on to assist cooling • 

. . 7~5.2·~7.2 Waste Rework Process.Safety and Criticality Prevention. _ .. 
-The TK-F8 -solution must _be mai ntafnecl at a temperature ,less than· l 34°C to:. 

prevent the -formation of red Oil.· For criticality prevention; the spe- - -
·":: ci·fic gravity ·of· the rework' sol utii:>n: must be maintained at less. than L30, 

'\· , 

1 ... 

at ll0°C to- prevent the formation of precipitates. 

. . .The ·t~mperature· of <ihe: organ.icrecovery tank CTK-Fl3) is 'ma1ntained · 
·. below 65°C, ·wh-ile solv~nt· is present•to·decrease the potential for an 
· organic f i.re or. exp las ion. . ·. · 

7-73 · 



~' 

~ 
00 
~. 

1/1, ~. _, 
-~ 
!',.,~ 
~ ~,. 
5~ 

SD-HS-SAR-001 
REV 3 

In TK-F8 and F13, the maximum allowable plutonium mass in acid solu
tion is 12,400 g, unless a caustic carbonate-permanganate wash for organic 
recovery is to be carried out. Since this wash may precipitate fission
able material, this step is undertaken onl_y if the mass of plutonium in 
TK-Fl3 is known to -be less than 500 g. ( 37 ,38) 

7.5.2.8 Plutonium Oxide Production Facility. All liquid waste resulting 
from the processing of plutonium nitrate into plutonium oxide is recycled 
back to the PUREX process. 

The acidic filtrate from the vacuum drum filter is added to boiling 
BM HN03 in the filtrate concentrator to decompose oxalate ion. The 
fTltrate itse_lf is also concentrated in the process. The concentrate 
overflows to the TK-Nl5 or -Nl6 holding tanks. The collected filtrate is 
heated in the holding tank for several hours to ensure complete decomposi-
tion of the oxalic acid. The treated filtrate is then batch transferred 

·to TK-E6 'in the metal dissolution and feed preparation system. 

Condensates from the offgas scrubber are collected in receiver tanks 
and transferred- to TK-FlO, which is the feed tank to the bac:kcycle waste 
system. 

Cooling of vessels and equipment is accomplished by a primary, closed 
loop, cooling system. The primary coolant is 1.2M HN03. The prima~y 
coolant transfers heat through a heat exchanger to a second,1ry cooling 
water system. The primary coolant is sampled periodically to make sure 
that it is not contaminated. If contaminated, the acidifiecl·primary cool
ant is cycled back to the PUREX process. Cooling water from the secondary 
system is discharged to the cooling water system (see Section 7.5.3.5). 
The DP between shell and tube in the heat exchangers are controlled on the 
secondary cooling water system so that, in case of a heat e>:changer 
failure, leakage is toward the process. 

Ail vessels and equipment within the gloveboxes are designed to be 
geometrically favorable (wet or dry) by individual dimensions and spacing 
between other vessels and equipment, except the vessel vent and vacuum 
vent system filters. Hydraulic drain systems, system capacity, and liquid 
detection instrumentation are provided to ensure no liquid will reach 
these filters. The filters are geometrically favorable for plutonium 
oxide powder loading. 

All wet gloveboxes are provided with overflow piping to the L cell 
floor. The L cell floor is not geometrically safe for criticality 
prevention. Accumulation of water at this location is minimized by 
administrative control of the depth of liquid in SLL sump (removal by 
vacuum jet). 
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- 7 .5~3 Very-Low-Activity Aqueous Waste -_. 

Although actual lY classified as' low-leve·l wastes, the activity of -
·several aqueous>waste streams is normally-below Table II guidelines.(3), 

_ The amounts of these wastes are summarized in Table 7;..-19~ Because of the 
· large volume of liquid. and its low activity, these wastes are not· normally 
treated, but discharged directly into cribs or- ponds in the vicinity of - -
the 202-A building (see Fig; 1-3). All of these liquid- waste ·streams are -
representatively sampled to· accurately· determine environmental _discharge _ 

_ _ ·and monitored- for stream radioactivity. to quickly. identify and correct any 
·---- abnormality that- may occur-_ or_ initiate stream cdiversion to the 216-A-42 _ 

retention bas in., or. initiate. stream shutdown.- -- -

Typically /a crib --consfsts ,of a perforated" pipe- 1 aid at -a slight- _
slope on·a bed of coarse rock covered with layers: of gravel·and sand. 
This 'bed is covered with:paper_ or plastic sheeting to prevent silt from 

- seeping into and plugging· the gravel,-b~d~ The upper·. portion· of the crib 
.- is backfilled to grade with dirt~ _ The ·distributor pipe is vented to the_ 
surface through a -riser- pipe- in· the end of the distributor. - Liquid waste_ 
entering the. distributor .. p.ipe le_aks out .through the :,perforations and ,dis·- -
_p·erses throughout the- porous bed.·_ A percolation rate of 200 gal/day/ft2 · 

-of crib is es:timated for this: disposal method. -
. , . . - . ' . ' . ' ' 

:1n the: event' radioactivity is -detect~d in the normally uncontaminated -
-.streams, they will_ be automatic'ally,diverted to the 2.16-A-42 retention 
basin or they will be shut down. This basin originally had a 36..;.mil 
r_einforced, Hypa lon. ltner; -however, ith~ -1 iner: 'was damaged_ by exposure- to 
-the-- sun and cleanup operations- conducted .to remove sand, tumbleweeds, and -
other_ blown-in materi'als. As a result/ the 216-A-4-2 retention basin will 
be lined with concrete prfor :t_o ·p_lant startup. 'The basin is approximately 

·410 f1: long and divided into·three sections by two 6~ft-high weirs:that 
run ;across the basin. '..-The,:basin is, 30 ft wide at -the bottom and about - . _ 
72 ft wide at the discha~9e. -The·sides·are- sloped at an angle of 26.56° : 
(rise. to run ratio if_ o:5J. _ The depth of--the: basin to the discharge pipe 
varies from ll to-:12 ft. - The caJiacity·of the_ basin -is approximately _ - __ 
5- 7x 106L - - -- - ,, , - · -- . - '. - - - - . · - . · -

• ', • ,·'. • • , , • • •' • ,· , , • • ·o 

; ··-:., , .. 

7 .5.3. l .Process ·condensate. Process condensate from the final uranium 
cycle (and occasionally frontconcentrators,-E-JB.;.1·and E-H4-1) iss_ampled, 

·-monitored:for_-rad1oact1vity'·(alarm·soundsif preset limits are_exceeded), __ ·- -
· and discharged through an-8~in.-diameter,. stainless:steel. pip_e, in the --
216-A-10 crib _located sou.th oft.he west end of the 202-:"A building. - Details -

-- _ of the sampling .and monitoring system are·pre~ented' in Section a·.6.L2. l. 
_ The distributor pipe, whtch- is 222 ft_ long, is bur.ied 30 ft i:>elow grade~ - -
- The crib runs north and south-_and is V-shaped in cross section.·_ 

The equipment-. used-,to .mon_itor the stre~m tnCl udes; a magnetic fl ow -
meter with- a, flow· integrator..:_totallzet, proportional sampler, and gamma 

-. 'monitor·with alarm an'd verification samP,ler. An-alarm: sounds· in the 
dispatcher's .office if the radionuclide: concent_ration of the process 

- -T~9denf~re _ex·ceeds-the Tabl~ It guide of 2 x·io-5 µCi/mL·for.soluble 
_ , , Cs.. . , 
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' · .. · The process co~den~a't'~; ·itr~am :·is :··~ot">eqJ'.,i pJ·J,P~ii:h': auto_matic . ':;, . 
. ~ divers.ion •. ·During alarm conditions,, this s:tream wi,lJ be_ shu:t down to.·· 

: , effectively control any release: to the 216..:..A-10 crib. : . . 
. . . ' . - : -·, 

. Three condensate s:treams ..{AAD, 3WD, ani lUD) which .p,~eviohslj ,di:s.:: · ·.•· 
charged d.ire,ctly to the 216-A-10 crib are now_. scheduled fo, be· recycled~ . 

. . The MD s:tream is ·recycled. at .. startup. The 3WD·stream and :the,lUD ·stream ·' 
:. are to be .recycled as ·soon as.:equili'brium · iS ·attcii ned and as .. soon ·as .i:t · is 

· . ·pr act icaL in accordance with the process test,.plan.: (4) When ·these . ·. • · . 
· changes are fully implemented th'e_ quantity of rad,ionuclid~s· released.in' ·. 

·the,process. condensate are,. e~cept for_:tritium, reduced by abolJt a fact9r: 
•of JOO .• · "I:he 2UD -stream, with .-a fl ow ·rate _of 1~ 6 to ll ~A mil lion L/yr, · 

· :-:contains .-up:.to · 19,000 Cf of tritium; .b.ut Je·ss than .. ,0.5 C·i .of :combined EP. ·. 
and 'JRU radionucJides~ • Except for the .tr:-•itiuril concentration, .th.e :radio:-.' · · .· 

. ·· .. · .· .. ·. ··. · nucllde con.tent of. the 2UD stream meet·s·. Table II guideHnes.{3)·' The . ·. 
: ,:~:·,::-~.-·· r.adionucl,ide<(except'.tri,tiuml content of the ,uo·stream, ,.~hich is dis.;;,·•. 

·. ~i: · charged continuously:untiljnitiation.of recYcle .and later (assuming .. 
· n;,· · . successful demonstration) for periods. of 8 tel' 16 h during startups, and . · 
2::· shutdowns,. also meets,, Table.· ii values ·when' averaged ·Over' ,1 consec:uti ve • .. , 

· ·~ 12-mo, perfod~( 13). The total volume an·d radionuclide contt!rit of the· lUD ·. 
stream ·are'.abciut 5% to' 10% those of the 2UD. ' ' . . . :~~~·,, 

.··a;::·,· 
i~5.3~~- .•. sieam tondens·at'e. · The steam condensate streani•,CO~S i's ts ,of con_:-', 

· de'nsate .from .. ·concentrator .;tube. bundles, cooling water. from. vessel· coils,··. 
. (TK;,.!\3~· -83, -C3, -El, -E6; --'FB,: ~Fl 5, .. -Fl6, ~Hl,. and -J.5L:and .the sfog . 
. :;storage basin overflow. and. jetout. ·, The steam conde.nsate- •stream from .PUREX .. 

·Plant< is routed through a catch. tank before· f.imil disposal tcf,the. ·' 
. ·· ... ~l6-A.:,;30 .crib. The steam condensate stream:is monitored .and sampled ·for·· 

,:radioactivity. ,:Details of the sampling, monitor.ing and flow. totaliz:ing··· ... 
·. sYstems are•contained in Section 8.6.1.2.5. .. . 

. > The in.:.l{ne·monitoringsysterti' monitors•the stream for gamma·«md .alpha'.', 
.radioriuclide concentrations (l37Cs and·239Pu~ .respectivel.y).: :.tf con- .. 

. .. centratiorisexceed the discharge. limits ·(Section 7~1.2. l)~· an···alarm is·· 
· sounded ii'r the dispatcher's ·office, a verific.ation' sample i,s -collected, . 
'and the· stream•: is aut.omatically. diverted to .. th.e 216-A-42 iret~ntion bas.in.~. 

A.crib (216-A-30) for'cfrsposal of steam condensate is located ·about·•. 
0~25 rpi_ east of '.the 202.:.A bui.lding •. ·The cr1b contains. two distributor · · 
pipes-arranged so that either or both ends of.the cr.ibcari be used. ·One 
pipe niade of .JS-in. -diameter, perforated,· .corrugated,. ga·l vanized ,steel , · · · 
eJ<tends for 700 ft.along the·cer,iter of the.cr.ib,; ··.Another.16-in. steel . 

· .. ···pipe parallels the· first' pipe for 700 . .ft, theri ~ngles. across :to the· center 
line of the· cr.ib, and extends another· 700 ft· down. the. center of -'the· crib •. 

. · •.For·the final 700 ft; th,is pipe is made .. of corrugated, 15;,.in.-: · ., 
diameter stee 1, and is perforated for water drainage. · Becau.se of the 

··• uneven surface of the ·crib, .the· pipes a.re buried beneath .about 4 to ·1s ft 
of fi 11 ~ ' ' . . 

,, ···"', 
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There is residua 1 ·· tdn·t:'~~f hiatld·ri·,in t~-e' •'8824 --h-~a'de~' 'from previous tube 
· bundle or cooling coil leaks;· howeyer, the most contaminated portion of 
the header is bypassed and data,obtained during 1979 operability tests 

- indicate Table :U guidelines will be metA3) . . _- . . _ · 

.- · 7 .5.3.3 · Ammonia• Waste Condensate~. The ASD comes from the E-Fll condenser 
. and the condensate is discharged to the 216-A-368. crib. · The ASD stream is 

equipped with a flow. proportional sampler~ inl_ine .radiation monitor, and 
flow measuring/totalizer (Fig. 7-15.)~- · 

. . The condensate is lowe~ ii1radionuclide con·tent by, a-factor of- 103 
for plutonium: and up ,to 104 for specifif FP'than the·. untreated anmonia 

-scrubber wastes formerly routecf to the:.216~A-36B: cr.ib. The:·ASD volume-
. , ranges from 15~.1 to 22. 7 mi 11 ion 1 iters annually, -and contafns less than 

- 300 Ci of tritium and -less than 5 Ci of combined FP and transuranic·_ 
nuclides. Radionuclide (except 3H): concentrations in this stream are 
expected to be below TaQle II values when averaged over any consecutive 

· ·_ 12-mo· period. { 3) . · -

. . i If the rad_ioactive concentration ·.exceeds the Table.II guidelines-for -
. 1_37Cs~ an alann is activated· in the_ dispatch~r 1 s· office and a verifi- ·_. . 
· cation' sample is taken automatically for laboratory analysis. ( 3) The . 

ASD stream is not eql!i pped with ·automatic divers ion., . During. alann · condi-. 
tions, the. ASD stream is shut down to effectiv~ly control any release to 
the 216;.A-368 crib. · · · 

· 7 .5~3.4 ·_ ·203-A Was.te. A -tank~ TK;..PS,: is installed to .Collect sump waste, 
. P tank· heating.coil condensate, overflow from TK-15 (U03 Plant recovered 

acid storage), cooling .. water, and steam condensate from TK-P6 via separate 
. heade-rs~-- The_collection: tank,inlet an_d, outletvalves are closed when_ 
TK-P5 _is filled. ·The ·waste is sampled- and routed_.to chemic.al sewer waste 

-.-_stream or r_eturned for rework, depending upon. an_alytic:al·results;· · 

._ i.5.~.5 Cooling Water. __ 'The:c90Jifl~-\t!~ter:s~ream :is equipped Wi:th pro·-. 
port10,ial sampler, in-Tlne rad1oact:1.V1ty, mon1tor and flow measurement/ . 
totalizer •. · Details of the s~pling~ mon.{tors, and flow totaiizing syste_m . 

. are contained in Section 8_.6. 1.2~·4. · · 

Gooli ng ·water disc,harged.:.from concentrator condensers, 1 ow-risk 
·. vessel- cooli.ng coils, and ·DOG -condenser tube bundles :is colle!=ted Jn 

header 8823 •. Th.is. header,, located on,the south side'of the PUREX · 
·building,' drains to,:.the 201 pump pit ·where stream sampling and ·monitoring 

' for, radionuclide, c·ontent .are' per,for-med. ' The .pit also• contains a weir with ' 
.. _an integrator-totalizer for flow measurement~ _.The· cooling water flows 
- from the, 201- pump pit through ·a divers ion bo'x· w.i.th cap ab i i'ity for. auto.;. 

•·-_ matic emergency diversion to a retention basin (216-A-42), which has· a.-
<· capacity of·-5.7 x :106 1~. The stream· then flows to ·a second divers ion. ·. 

box• wl1ere flow can be_~irec:ted·either to ponds 216~A-25 or 216-B-3 • 

. . ·· .. ·_ ]~77_, 
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ROTOMETER 
10-7.5 L/mlnl 

RAW WATER 
FOR FLUSHING 
SYSTEM 

~ 

"-'3L/min 

VERIFICATiON 
SAMPLE 
1"'500 mLi 

SAMPLE 
RECEIVER 

TANK 138 LI 

1 ! "-'245 
ASD FROM E-.F11 cp "-'242 L/mln L/ i m n • TO 216-A-368 , CONDENSER --+ _ _., ______ ....,. ___ --i•ll'---------------i-------•-
"'245 L/mln - · CRIB -

- FLOW METER 
(0-670 L/mlnl 

, FIGURE i~15.-- Ammonia Scriii>be·r-··01s·cha·rge· Sampling; Monitoring/ 
and Flow Totalizing System. _ _ - . . _ _ _ -
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The. in-l·i n~ monito~ ·~on.tfhuousi~: rnon"i"to~s"' th~· ~t;eam' for. gamma radio-·' 
. nuclide. concentration (.137Cs). If the concentration exceeds the dis

charge limit (Section 7.1.2.1), an .alarm is sounded in the dispatcher's 
office, a verification sample is collected, and the stream is automati-
cally diver:ted to the 216-A-42 retention basino • · · 

. · . The.:radionu~lide c·ontent of this stream routinely meets ·Table .II 
guide 1 i nes. ( 3) However, if" di version of the· stream to 216..,A-42 is . 
necessary, a process: shutdown is H1itiated immediately as the retention ' · 

· basin is,.filled in·Jto 4 h at. normal process, flow rates •. The liquid in·
the retention basin is sampled~ analyzed·, and ·then ·pumped to the. pond ·or 
back int_o the 202-.A' building for evaporation· as -.dictated· by the radio-

·. nuclide concentration. · ·. · 

7.5.3~·6·Chemical-Sewer. The chemical sewer system.collects aqueous 
makeup waste, noncontaminated· floor drains arid vessel coil waste,, overflow · 
from TK-U8, water demi n·eral i zer regeneration wastes, and vacuum frac- · , . 
tionator and nonprocess steam condensate. These streams are collected in , 
header 8819, located on the north s.ide of the PUREX building~ and normally,· 

·drafo to the 216-B..;3 pondvia·the·216-A.:.29 ditch.' The radionuclide con
tent. of this stream routinely meets: Table II guidellnes.(3) The stream: · 
ts.sampled usfng a .. proportional. ·sampler and ··continuously monitored to-. 
determine· if the concentration of l37cs exceeds the. discharge 1 imits of : 

. Section 7.1~2.1 •. If this level. fs,exceedecJ·, the stream is automatically 
.. diverted to the 216-A:-42 retention,basin •. .From. the bas.in the flow. will be .. 

processed through .the recycle system~ .- An alarm .is .also set off in· the · .. 
di spatcher'·s office when' the concentration·· limits.· are exceeded •. A· sarnp.le; 
is. automaticallY taken, to verlfy the activity level. Details of the 

·sampling;-mon-itoring,, and flow:totaJ.iz.ing system are contained in· 
Section 8.6. l.Z .. 3. 

7.6 . ·UQUIO WASTE SOLIDIFJCATION ·:, 

Liquid waste ·1s not solidif.ied. at the PUREX Plant. As mentioned in 
Section 7.5, the liquid waste that c.ontains 99%; of the FP is made alkaline.·· · 
with sodium hydroxide.·and routed to tanks for storage. Thi.s storage · · 
metho.d is· consJdered,- temporary •. A final aispositiori method that involves·. 
solidification and underground storage: is currently bei,:ig developed., 

7. 7. -SOLID WASTES 

Solid: wastes generated at. the PUREX Plant,can be· classified into 
·-three.categories:, nonr_ad1oactive wastes, non'-TRU, and TRU wastes, which. 

includes -.large;. canyon solid waste' items~ . . .. 

Sblid, nonradioactiv~ wast~s iriwaste material~- etjuipmerit~ or 
property which. do not exc:eed su.rface contamination limits and soil 

. ·standard limits.(14~ 15_) · · . · ·. 

• • • • I,•~ 
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'' ,' ' ' ' Solid;' -·low.:.']eve f ,-w~st~~(, have: gr~a'te"r_·. th,an:.200, di sintegrations/ll'lin '' 
beta~gamma contaminatfonper:15.5 in;2 and 0 ,l¢ss- than.20~000.diS-',::. ·, 

: Jntegrations/ min alpha p'er 15. 5. in~·i •. ,Solid, ·low-level· wastes consist:, . 
·primarily ~f-faiJed~ or: ~nu.sable :tools, ·cleanl~g.·_rag.sa plas.tics;,:,and Jabo_~.: 
ratory. equ1pment.contam1nated above-control J1m1ts.( 14). . .. · - _ ·.• ,, . · . 

' ' - ' . . . . . ~ . - . . . ' ' ' 

.· Solid, 'TRU wastes' contai~~- or; are s:uspected .. to 'Contai n,··,great~r,;th,m ·. · 
-10 nCi of TRU nucl ides.· per grani :of; waste (nominally. 20,000 :dis'integrations -
·min pe,r 15 • .5 -in. 2) ~ - ; The TRU f'.adionucl ides -are alpha-emitting· nuclides :. 

>. with, a half-life :greater than· 100. yr _(also· inc)t.iding 233u" and daughter: 
:·:products}. : . · .. , . ,, . . . .... _ ·. · · .. ··• . . . . . 

. · 7. 7.·r 'bes:i•grr Objectives( l sr ..... 
. . -~. AlL solid waste originating from PUREX will ·be packaged for onsite.· 

.··. ~ ;," storage/disposal. · . · · . . ./, 

:':~;-.,' : ',' ,,,,' Nonradioacti.v~ was~e ;-~ packaged,:for·::no~retr,ievabl~,/:J.ong--te~:d,s~ .. -•. 
:':~·:·:: s-~:.p~sa:ljn'the. Hanford Site central'sanitarJlandfjll.. · ··. ··. ·· .. 

· Solid,,' lqw'T"lev·el, radioactive waste wi.11 be p~ck~ged.in,,,an approved 
dis- , · . · . ·, ·. ·. ·. 
posa.l .·confai ne~: for irumretrievable ,. long..;term.di sposa-l +n_idesJgnated ar.eas •. ···•·. 

' "• , • ' •• • • • • , •• • •• L • , • ' 

Solid, .TIW wast~s !}re :packaged in drtJms and placed'·i-~1 Z07yr ret~~ie·v- ·>' 
·. ab}e. storage areas in the :200 we·st .Ar-ea. · 

' '· . . 
<. ',' '., ... . ; · Failed process· equipment. th,at :'.is too .:large, .too bulky, ,:and too' radio.:. 

•• 
1attlye to>:be remqved from the plant _wtll ·be placed, on rai-~road flatcars 

..•. an·d moved into· .the .PUREX equipment burtal. tunnel for· storage. . 

. : Large waste. items which can be removed from 'the. plant:' :wi 1 J be placed 
.' •···· fo approved storage/disposal.containers and shipped to th~ 200 · Areas 

•.·· · · , burial ground~· Smaller .process equjpment item·s or other hi.ghly radio:...• 
,.active, solid~ canyon wastes :are collected i.n a large:,, carbon steel · 

,·c,ontainer •.. When,full,the container, is placed in a concretecontairier 
· with a lid aild buried in a 200 Areas burial ground. · 

· ·, J .. 7 .-2 .· Egui pment and System Description 

' ' ,Solid; nonradioactive wastes' are collected in' trash.~:ans, plastic ' 
.:.bags, cardboard· b.oxes, etc., which are emptied into dumps1~ers •. The waste·· 
,is compacted.to about one-third the original v·olume by ,the trash truck• 
which delivers 'the waste to the· central .l andf.i 11 • · · 
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Solid, low·-1evel radioactf~e ~·a;tes or's~~"{l"·b~l~·,.;re collected and 
placed in fiberboard boxes or drums. before burial. Fiberboard boxes are 
restricted to a maximum gross weight•of. 29 kg.of:dry waste. Drums 

-. · (55 gal) are used for packaging, shipm~nt, and burial o~ solid, low-level_.· 
waste. Two types of drums are used which meet the requ1rements of the, .· 

'' ~:\ 

~,:-

~-
• · !:.;;F<ic, ' -· .·,~, 
~.;,.' ' 

-~-~r~".'·. ~. 

· U.So Department of Transportation.(39,40). Drums will be labeled in -
· accordance with Rockwell requirements.·( 15). 

The TRU w·aste: of.small bulk and relative]y· low levels of, activi{y are· 
p~cka~ed in 55-:~al' drums~ -The TRU wastes_ ai:-e segregated by was~e c~assi- . 
f1cat10n and shipped to a.mu storage fac1l1ty.(15) The fqllowrng is a_.: . · 
list·of'these·facilities: · · ·· · · · 

. • TRU cai'sson 

•. • TRU asphalt :pad. and dry waste.: trench . 

··• TRU industrial. and special waste trench • 
'' 

.. _ . Al 1 . sh,ipments of TRU- waste :indrums wi u · be app_ropriately . 
labeled.(20) ·.. _.· . . . . . · . . · ·. · 

, . ._ . , •. . .,- ' 

Large; radioactive waste items from· the canyon .are packaged in burial· 
boxes of precast, .reinforced; concrete slabs with a concrete slab lid' held 
in place ·by its own weight~ · A steel liner box may be'inserted, depending 
on the nature of -the waste to be. packag~d.· Bc;>x configurations vary, 

... de pending on ·the waste. being packaged-, · but"ttie- 111C>St commonly-used- size · 
·, has a void volume of :about 50 m3. - .- · ·. ·. - .. · .· · · · 

Failed equipment to.bediscardeiis th,oroi,,ghly flushed to remove fissile' 
material. . The piece of process .equipment ts det.ermined ·to be essentially · 

.free of plutonium (less than 15 g)' by successive flush-sample.~nalyses~ 

,, ' 

7. 7-. 3- . Opera~ti ng Pr'ocedLires · .• . 

· ·· ·. 7. 7 .,3. 1 · Monitoring of Sol id Was·t~~ • Sol id waste effluents (excluding. those · 
that are highly radioactive and that 'are handled remotely) are monitored 
with bet·a-gamma and alpha instr.uinents'.'.to·determine radiation levels. The' . 

. - plutonium .content of _TRU. drums; is determined prior· to ·shipment. The non-· 
destructive. assay system i ~ descri,bec(-.-in Sett ion, 8. 6. l. 3. · 

' ' 7. 7. 3.2 Solid .Waste:• ,-sposa 1:'Process,-'Safety and Criticality Prevention~ . 
. The ~afety precautions. listed-below are observed when handJing radioactive 
. solid wastes: ( 15) · -

• Ohl /the -~aste •type spec-i fied is pl aced into :a ·particular co'ntai ner : . ·· 

• Materials ·soakecfwith acid or pxidizing agent are thoroughly . 
,.rinsed several. thnes:,· wrun·g dry, and placed in a p.lastic bag, 

which· is closed .w,ith · tape.·prJor .. to disposal 
. ' : . " ' ,., . ' 

, : :·:.~ ,; 

.-- . :, ,-

.... ,. ~-
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• ··:incompatible ·~afe~i'.~i~--;( m(idfz i·~·g :a~·d \~~dici·~:g•·•·ag;·~ti) _:are<nJt:?: .. \i::' 
placed. in"the same corifainers· .. -, . . . . . . ' . . ... 

·• Each ,;onta iner is· lin~d with plastic to .prot~ct· against :corrosive . 
. :wastes. •, ·· ; ·. 

',:'. ··.,, 

, · No;free · lfqu'ids ;or. sorbed _· organic liqu1ds are allowed J,f,sol id-' •.. 
_ waste ·containers. Suff-icient ·. absorbent-· is :placed· wfth·in-th'e: . 
c;onta i ner to abso-rb S,P ill age '.of residual ;· fr~e 1 i quid, . - : . · · ·. -

. ' • . Items with -contamination ~h-:ich' coulq -~asiit:becone ·.airborne' are·-~·:. 
· • coritained within a pacl{age before· being placed :;n a waste contajner ·· · 

I ' ' • ', • 1 ~ • • ' • ~ • ' , ,~ '_ 

.·•".Operators .wear a: full-face mask ·while·'compactin'g•.-tadioactive -waste· 
' . • ·• • • l, . • ' ,.,. . . ' :. ·• ,,,, ' . ' ,· ,. ' 

.- · • Waste'· drums .are limited t6 a 500.'..mr~m/h (no~_~TRU) :,a~d,:a·:200~111remih 
. (TRU) dose rate· at contact · ·· · •. · 

ft • • • • : • ' 

• : Was:te' containers are-'storepaway<from. -heat 'sources.,· 

.• -•. · ;ortable fi,re e~t'; n~uis.hers or ios'tall~-~ sprjn~l;~·g iystems' are ' 
'available 'iRwaste :carton_ storage,.and}oading areas.• 

. •· .. - . ·,,·. ·r~·e.fo,l lowing' criticality pre1.i'ention spec.if1catfons iipply.'.to:'TRU was~e 
.: containers: {37,38J_ 

' ' . 

. •: Miscel 1 aneous. Scrap-Wastes . 

- _ Ncf waste containers -contajning greater_: th~n 200 g of - -
plutonium ,sha 11 be transported· to; the 20-yr retrievab1e. 
storage s.ites.(15). __ -. __ .-·• . · ;. _ 

,.:.(.:, -

· Wastes 'wh1ch ;c·ontairi only sina·l J quantiiies, Df ,pJ~toniuin'ls~ch ·" 
as· wiping rags used ·for. decontamination~ .. rubber··gloves, .and . -
ncmabsorbErnt materi a 1 s) shal 1 'be. handled, stored/ and 
transport_ed in a container li.mited as fol lows-: . 

-Container 

- 30·--gal drum . 

55-ga l _ drum· . · 

Mass· limit_ · 

-100·.-g 

250 g -

- 200 g 

. 250 g 

Array 1 imit · ·· 
L X w X H-. 

: ' 

' ao : X .;., X· ,3' . -

· .a, X mX l 
. ... ·, · . 

. -· ex, 'x' ,ao ·x' :z: . 

. Normally TRU waste js sent to the_ 20.:.yr· retrievable storage 
· .sites, using·on-ly 55-gal drums with a 200-g limit are used. 
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. • • ' Miscellaneous F ai lec.t>Equ;.pmen·t: (Buri-al/B~xes} · 
. . ' 

. Any hydrogenous rriater,ial {other than the hydrogenous mate-
. rial used in the·construction of the.equipment) shall be: 

· physically segregated from the equfpment pieces and shal F 
contain less than 15 g of fissile ~aterial. 

Only those.materia1s known -to contain less than 15 g of 
plutonium shall be added to burial boxes that contain 
failed tube bundles which may contain:pluton.fom. 

' . '· . 

The total plutonium content .of. a· burial .box shall ·be less .. 
than·· 11000 :g per boi with individual equipment less than 
350 g., \ 15) .· ' , c . .. 

· • . Burial Tunnel · < • .· 
The total plutonium content.of equipment placed. on .a 
raikar to enter the burial tunnel shall be· restricted to 

· · · T,000 g, the .. same 1 imit imposed .upon a burial box~· 

1. 7. 3~ 3 Aclministrati ve Procedur~s~'. .· The .. specifications for ·handling· arid 
··.··.packing of solld waste are containeti,:fn Reference .. 15. ·Two teams, _:·the 

Packaging and Shtpping Team and the •SoHd. Waste Storage Team, provide 
a~s i stance and guidance on admini.strati ve procedures for sol id waste. The 

.· Rockwell Packaging and· Shipping Safety ·committee reviews all packag_e· 
· appli~ations for $torage or dispos~l of .radioactive soJ.id waste •.. B.ased ·on. 
thi~ review/they then ·make•··a.formal recommendation for:approval or dis~ 
approval. to the Packaging and. Shipping appr.oval authority who: is also the · 
Director of Research and- Engineering., · · · 
. . . . " . . ·.' .. _, .. , 

7.7.4 Characteristics, Concentrations, and Volume·of Solid Waste 

. Table 7-24· sumtnarfzes. sources/ quanti:ties~ and dispos'iticin of solid·. 
waste •. ,Tables 7-:-25 qnd· 7-2p give the·current equipment inventories of 
burial tunnels 1 and· 2· respectively •. Jab le 7-27 presents the radio
activity inventory.in the two,ttmnels· as .. of September 30, .197~.(18) 

· 7.:7 .5 Packaging 

. . . Because of the hi'gh r~<;li aifo.n levels,. ihe packagfng 0f failed. pr·ocess 
equipment from the· canyon is. done remotely. using the canyon cranes., The 
failed processing equipment i.s transported from the canyon •to the railroad 
tunnel where it .is placed ori flatcars or inside· precast concrete boxes, 

· depending on the:type of di'sposa l.. Flatc.ars · are pushed into the.burial 
tunnel by a small,remotely .operated locomotive known as.the "donkey • ." 

' < • • • • • ·, ' ' • , • 

Low- level' radioactive· ·waste is pack-ed fo approved drums and fiber
.. : board "boxes,,by chemic.al operators assis:ted by Radiation Monitors •.. · 

· .. 7..;g3 ··•: 
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' : TABLE 7~24:.i: PUREx··:Pilant.. Effluents~-Soljd:s;' 
.. · •·, . ·• •· Type •· •· .. . . j Vo;~~ 'cm J) j, TotaL6.,-;es 

. __ ·-202:..A >buildJng . Industrial 
TRU 

Non-TRU 

·20~.;;A: laboratory · · .Industrial 
. : TRU< 

. 354 •.· .· 
· 98' 

·s1 

· _·92-· .. 
. Non .;TRU · :·47 .- .. 

'·- ':1976--Standby 

202-A l>ui ldfng Industr"ial 
TRU . . 

Non-TRU .• 

:202-A laborato~y. : .. -:i"ndustr.ial· ·.· 
-·. TRU · 

. . . 

Non-:TRU •· 

·.-
.ll: 

:0.-6 
4 

TABLE.7-25.· Contents of Burial Tunnel 1. 

: Storage date 

··,·June· 1960 

·.Item: 

HA-column and.miscellaneous· 
box ·. 

. . . 

E~Fll conceritrato~2: 

•.. 30,600: . 

·.:T9~:75, 

.. O.35 

~ ... ,,_, 
·;·:·,: '·, :· 

.:~>:',; . 

0 ... 003 
..-;,, 

, .-·, 

·.· .July .1960' · 

December 1960 Miscel.laneous jumpers~ twotube 
·bundles, and ~n E4 cent~ifuge 

Janu.ary · '1961 

• April 1961 
·. ·. :February 1962 

·.-• ···January 1965 

-E~H4·concentr~tor · 

,:E-F6 concentrator. 

· E~Fll concentrato~ 

E-F6 concentrator 
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. · TAB,L~ 7~2~,-:: :,Jont.erits ot~._Bu __ rt~J,,,Iur1riel> 2 •.. 

Storage date . _· 

December· 12, 1967. 

March 26, 1969 

March 19,. 1970_. 

December-30, 1970_ 

February 26, .197l 

December 12; 197l 

December ·22,. ·1971. 

Aug~st 29, .1972 : · 

Item. , 
. •, . 

l"'.'E-F6 concentrator 'pushed to. end of tunnel on flatcar. 

5-E~F6concentrator pushed to position 2 on flatcar 

6-E-F6· concentrator pushed to position 3on flatcar. 

L cell package on· flatcar; container is shown in 
· drawing· H-2~66912 · 

F2 silver>reactor, F6 demister, vessel vent line,· 
···. steel catwalks/and guard·rai.ls. . . 

A3i!-l•towe~~- scr~pber; vapor ... line, ·A3pot lid:· 
. ' ' 

. . A3 dissolver {car was shortened about 9 ft) 

. AlWl fi.1~l ends.:in- ~tandard.liner box and· new produt- ·· 
.. tion reactor fuel-handling equipment .used with sus- · · 
pected canisters. High radioactivity from the liner 

. ' . . . . . · box; estimated H,500 _Ci · 

. August.30,.1972 C3 annu.l ar;_ d,i_ssol ver { car was ... shortened· abou.t 9 ft) 

. · TABLE 7-27_;; . PUREX Equipment Storage Tunnels. 
· · · Inventorya--September 30,: 1973.- · 

Volume0:(m3) ' 
... ·. . . . ·. C. 

. . · .. Total MFP (Ci) . 
' ,. . . .',. ·-

·;go Sr (Ct}·. • ... 

'565 :- . '. · 

·,. 6,000 .. 

1 ;ooo 

Tunnel- 2 

565 

· 20 000 
' ' , 

40 

Totalb 

· J, 130 

26,000 

1,000 

'' 

.. ·l06Ru _(Ci).· 1 ,• 7 8· 

: 137 Cs, (CiJ,:? 
60C6_. (Ci)' 

. . . 239:Pu (g-) 
·:. ,-: 

40 1,000 

20,000 20,000 

500 - 5.00 

aThe es.ti mated. Jnventories ( or cori_centrations) 
of radionuclid~s are reported to one significant. 
figure,to· reflect the.uncertainty in the data •... 

. bTotals do· not. necessarily· equaJ the sum of · 
individual contdbutions because of rounding of the 
data. · 

' ' 

Ccuries shown ar~ de~ayel'to September- 30; 19_73. 
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·. 7.7~6.l PURE}(Burial Tunnels.·. Burial tunnels ·l and:·:2 -are shown''.in the 
·.: p.lo't plan:in Figure 5-3. Only tunnei' 2 is currently in .use~. -·:runnel J, 11as' 

,filled :to capacity .in 1964 and closed af that time·. . :. · •· · 

· ; ·.shrial ,tunnel 1 is made ',from·l2~in~ by :14'-in~ creosote-t.reat,ed .. 

--~~~g~~ti:~!\t~~~fr~~r,~~~t·~~ie~t~ym~~~~af~~Qdi~~~, f.~ii!i:,.btt
2
ia~: ·~~ah~ . , . 

·•.aft of.dirt fill. ·Burial·tunnel•l is 350 ft-long •. An analysis.of the. · .. 
·. ':·structuraF integrity· of the timbers performed. in .J 980· found. the· strength .· 
_: of,th·ebeams:to be:within Jhe ~t.andards for new w<>od .• J4.l) :· A '1973 study_, .. ·.··· 
· •conducted by a u·.s. Department· of- the Interio.r representative,:con<:luded 
·- <that: the\danger of ·an explosion fo:.the tunnel does.not ¢xi st and: ,the - . 
·• ·possib'ility of. fire· is extremely remote.(42.),: .However, an effort was 

}~-_:- :1ater made to .-,e'reate an .i.nert .atmosphere: by isolating the :•tunnel and.-· 
· ~: '· · fi:llfng it-w'jth carbon dioxide •. This .effort was unsuccessful ,due: to _ 

,.:::--,:;li ·•- ·· diffusion .of. carbon .dioxid~ 'through the gravel bed. · .. No: addit-ional ·_action 
d...; .. > . is :judged. '1:o_ be ·required. · · · -· · - · 

a ' ~i> •, • • " ' < , • • ' • ·• l • '" : • s < k.- •~ • • 

- ·~•··· .• ' 'C; ••·~ · .. - ,A cross:· section of burial' timnel 2 is 'shown'·jn: 'Figure 7-16~' < The·:~oof :
' · ;;~! . -is made of 34.::ft..;cliameter~ corrugated. steel.,•. The oyerall tunne-1 h·eight<is: ·, 
·.~ '".- 25,ft·~. Ce~nt:arches_were placed·at regular-intervals;along;thetunnel•i ... : 

.roof Jo add' strength,.and .the·entire tunnel is.covered;.with.Bft of dirt· 

:·_)• ., 

. .., 'fill. · Burjal tunn~l 2. is· 1,680 ft long.· '. ' . • . · · - · . < -

' Both, tunnels:, have waier-~f i l lecLdoors' that·_. serve>as radiation -,. '_·' ' 
shie.lds. These doors '·can be drained·:ancf raised tb allow' clC:Cess tc/the' 
'tunnels~·:' Also, :both -tunnels· ·slope downward ·toward, ·the south -to, pr~vent 

· ·. fJatcars from accidentally rolling·out of.the·tu.nnels~- . .The'maximum· · : : . 
-· capacity of -burial tunnels· l and··2 is 8 and 35 burJal cars~- respectively. 

Burial ,tunnel 2 ;t equipped with:a ventila-tion: exhaust fan, an 
,exh.aust filter, and a· vent stack~ The air drawn through tmrial tunnel'2 · .. 

. . is. exhausted through a single-stage HEPA filter •.. Exhaust. •air samples •are 
taken ·weekly. Ana,lyses of the samp-les ·show that Tabl.e· I guides are met~ ... 

. but that Table II guides for· alpha emitters {.if all are assumed to be . · · 
.· soluble plutonium) are occasionally exceeded .at the point:of discharge:(3) 
The duct for burial tunne1·1 is blanked. The·door from the railroad tun- . 

.. 'nel- .is .sealed ,SO that ttle air ·in, the tunnel; is stagnant •. 

. . 7;7.6.2 'Transuranic Storage~· Solid ·TRU- wa~te ;~-;.gener~ted in the hot_ . 
· .. shop,·L cell, M-cell, N cell,. PR room, and·Q cell~· It •is coll~cted in•.·. 
- 55-gal ·drums, and ··every ·-attempt·. is":,made to separate comb us ti ble .and non-: 

combustible materials. The drums are stored·within the Pt)REX Plant con:.. .. 
· •trolled. are·a whi)e ,awaiting shipment to retrievable ·stora!Je. 

-. _ 7-86. 
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8. 0 RAO IATION PROTECTION 

This chapter describes the Rockwell Hanford Operations (Rockwell) 
·radiation protection program, which functions to minimize the exposure of 
individuals and the environment to radiation, considering all potential 
sources of radiation and radioactive material. 

8.1 OCCUPATIONAL RADIATION EXPOSURES 

8.1.1 Policy Considerations 

In support ~~f radiation protection, Rockwell management has developed 
· . a Pt;,11c.Y wh1ch ensures occupational and po~ulation exposur~s from Rock~ell 

_ act1v1tes w11l be as low as reasonably achievable (ALARA).ll) The policy_--
is implemented_ by an ALARA program(2) and Radiological Standards and · -· 
Con'trols(l2) that covers all phases ·of ·plant activities (plant design, 
operating techniques and procedures, radiation surveillance and control 
programs, training,_decontamination and.deconmissfoning, and emergency 
warning and response programs) in accordance with U.S. Department of Energy. 
(DOE) orders: _ _ _ · - · · . 

• _--DOE Orde~5480~1A, Chapter XI, "~equirements ·for Radiation 
Protection 11 (3). - • 

· • OOE Order_ 5484. l, Chapter I~ "Notification of Occurrences••( 4) 
. . . . 

• DOE Order 5484. l, Chapter II, -~Investigation Re·qufrements (_5) 

• DOE Order_ 5484. 1 ~ Chapter I II~, 11Eff 1 uent and Envi ronmenta 1 
Monitoring Program- Requirements. 11 (6) - · _ _ . _ -· · 

Additional guidance is provided in OOE/EV/l 830-T5, A Gui de to Reducing 
Radiation Exposure to· As Low As Reasonably Achievable. { 7) 

__ _ ·The ALARA program requires· the heaJth physics program for each ·faci 1-
ity to be formalized and. improved. to meet the requirements. of the ALARA 
program; The health physics program provides detailed discussion on train-

- ing, emergency response, and facility design (facility design considera-
- tions are discussed in ·section 8. l. 2). - - · 

The Director of Plant Operations fs- the highest ranking person in 
management responsible for the implementation of and compliance with the 
~ARA program. Theresponsibi11ty to develop and perform this program is 
assigned to personne1 under the supervision of -the Manager, Radiological -
Protection (health physics aspects o:F the ALARA program -are discuss_ed in 

· Section~8.S). · · · · 

,• ,.'••a j ' • •, 
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·_ ,·•Under th i's program~ _·each· operating-' f ac,11 i ty ,thaf;-p~tenti a}ly ::could: expose 
.personnel to radiation sha-11 ma·intain _exposure reduction goals .on a job · 
_basis.· The Plutonium-Uranium Reduction "Extraction. (PUREX)/Uranit.im 0)(jde -
(U03) · Plant ALARA :plan, s_tates these an_nual _ goa 1 s. ( 8} · · · · ·. _ • -. . _- · · 

·_ 8.1.2 · besign Considerations 

At_ the· time of its .construction, PUREX Plant was_ a third..:gener9tion 
plant. _Its desjgn .was based on the experience gained in.the operation of. 

·T and B ·Plants, the· first irradiated fuel. proce.ssing plants ·built: during · 
World War II, -~nd i~ the operation of the Reduction Oxtdatioh (REDOX1 . 

-, Plarit, a second-generation processing plant ·designed .ar.ound solvent .. 
_extraction_.· The experience, :indicated .·that a. major porti'on of t~e occupa-. 
tiona 1 __ radj at ion dose was received duri'ng maintenance~·- equi·pme.nt · buri a 1, _ 
process sampling,· and· process . sample analysis; _the ref ore,· special att~n-: 

·. tion was given in the PUREX 'Plant design to the -foregoing activities •. -The.• 
. shielding desjgn criteria for the PUREX ·Pl.ant were so conservative that _ 
· the rad.i-atfon . .fie·Jd.s_ in operational. areas are below the currently· accepted. -

st·anda.r.ds·gfven inReference 3. Specific examples of_d:esigh ·featu.res··th'at·•· 
limit occupational .exposure.and reduce radioactive effluents follow •. 

' '·. - -.. · . 

·• - Reduction of .the volume of radioactfve, materi_a1 -·;n the samples 
.; taken and _delivered to the laboratory .for analysis by providirig, 

. · , at the sample stations, fac{lities·· for acc·urate·1y and remotely 
-·- pipett1ng high-level;, small..:volume samples from the process_.tank 

to dilution vials contained in shielded sample- carriers •. :· -- ·. · 

• .. Reduction-of~ the concentrati-on. of ai ~b~rne rad.io~ctive materials 
.associated with process sampling by providi_ng ;'ncreased exhaust 

· .. ·ventilation and. contaminati'on control at the process sample. 
stations.· · 

• ~eduction of airborne radioactive contarriination,of_the ,canyon 
. remote operation and maintenance cranes by providing increased · 

· ·canyon. ventilation; improved control ,-of cell ex·haust volu~s; · 
, thermal _updraft prevention by insulation of high-temperature, 

in-cell equipment;·and an air lock for moving material .in or out 
of the canyon via the plant railroad. 

· -• · Improvement_.of overall proces·s eel l and _p_lant radioacfi ve c~n- ; ._ 
· · t ami nation contra l by providing an improved . process vesse 1 and 
···condenser vent system of larger capacity. _ · · 

' . 

. ,:·_ Reduction of employee occupational radiation exjJosure outside 
• the plant by .providin_g sufficient shielding -in the canyon roof 
to prevent excessive sky shine. 

t · ·Reduction of. employee occupational radiation exposure by_ 
providing adequate _shielded storage space in the canyon for 
all highly contaminated solvent used .in the process. 

8-2 
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•·Improvement of _oy~ri\J· radiati,on_.exP8~lJ.r::~-,~ontro1 by isolating 
most direct-connection process sensing lines from the central-
; zed contra l. roans. · · 

• Reduction ·of the ~missiori cif radioactive parti~ulate material 
from the canyon exhaust ventilation stack by providing an 
improved, highly efficient, fibrous glass-bed particulate· 

. filter. -

• · Improvement of radioactive exposure and contamination contra l 
. during replacement of major process equipment by providing a. 

· .shielded~ failed-equipment storage tunnel as an·- integral part of, 
the facility; in-cell equipment wash-down. sprays; and separate 
decontamination and repair facilities. . 

All radiation protection systems, administrative procedures, and pro
tective hardware have been reviewed and upgraded to assure that exposure 
of personnel and the public during norrrial plant· operations is maintained 
within the guidelines listed in Section 8.1.1. Projects and equiprrent 

'. w·hich provide safe operations -are Hsted below: 

·•·PUREX Plantpluto~itim bx1deproduction facility 
. . .. . 

• - Product reiroval · (PR) room upgrade 

• . Closed . .;:circuit television (C~TV) system 
. ' ' . - . - . ' 

1 Continuous- air.,monitor .(CAM)' placement and installation·. 

• Prima_ry -·stack system .. : -

• · Criticalitf·-a1ann system ... 

• Record air sampler p lacernent and install at ion 

• PR roqm stack system 

• Exhaust sampling/monitoring system 

• .-Process_ condensate system· 
. ' 

• Arrmqnia scrubber· wasfe system 

• Chemical sewer system . 

• ·steam condens_ate samples. 

.. ·8-3 
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· :: . "· '.~ · .. · Under the ··ALARA. program, new .facility des:t9n:~p.r6jects ha~e· i·n.cludec( .· .. 
;, . ,"a·aequate protection from ·direct ·~n·d, scattered :radiation ·arid. airborne· . 

· ·s.durces. Methods of radiation protection :Considered in fc1cility de·s_,gn · 
follow: 

-~
··1-0 

CO· 
c::t 
- @:·• 

~"it.,-

. '' 

~•·' 

·-~ ..... ·· 
''f<!l~;_~·:.:, . :~::. · ... 

1. Permanent or .temporary shielding 

· 2. · Confinement system design (see Section 4.1) · 
. - . . ·. . . . .. 

3. Equipment design to minimize surface contami"natfon 

4:_. Area ::radiation .zones .and occupancy contam,nation 

5.>. Fixed or portable monitoring and alann systems 

· · 6 •. Criticality _safety system :{see Sectiorr 4.2) 

.7 ~. Interlocks 

8. · Phystcal barriers · 

9 .•. Mai nte·riance .des 1 gn c·onsideratic;,ns 
. . . . - . . . ' . 

1 o~ _ Dec orit ami ·na t: ion. ~is terns. - • .. 
·', '• .. ' 

. •. The<d~sign of the new PUREX .Plant pluton·i~ni oxid~ production facility" 
·is bas~'-on experience gained in the. operation of the remote mecn·anical A· 

. (R~) ox.id.e· line in .z P.lant, where plutonium oxide produc1:ion··tro~- . . .. 
plutonium •nitrate was carri.ed out ·in the past. In that. faci.lity,,_.a·.major• .. -. 

. portion. of ·the -occupational: radiation dose was- received during· product . . 
-:packaging and loadout~ vacuum.drum filter operation, ·and maintenance. 
·_Special.attention is given to ·those particular activities in t.he PUREX 

production facility (see Chapter 4.0 for design cr'iteria).. · · 

.Examples of design improvements resulting from RMA o:dde ;line ·expe..;.. 
rience include the following. 

• Introduction of s~mi remote· operation of the product blending ·ari_d 
packaging systems •. Shielding is provided to minimize personnel 
·exposure to ionizii:ig .radiation. 

1 The vacuun ,drurn filter is designed to allow rem1Jte po~itionirig, 
of the doctor blade. . · 

· • : An equi pinent mai ntenarice glovebox .is provided to allo~ most 
· maintenance and decontamination -to be performed under shielded,·· 

~ontrolled conditions. 

: • .Gamma and ne·utron shielding is provided arou.nd :the gloveboxes. 
Consideration was included in the design of all equipment to 
minimize exposure during both operation and maintenance.·_ 
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The PUREX -Pl ant bui 1 ding -_~as co,:istructed .an_d :,operated prior to the 
·current regulations on decommissioning •. However; several Hanford· Site 
facilities have been decommissioned in a relatively easy manner 1,1sing the 
law-level an.d. retrievable waste sites -at the Hanford Site. 

8.1~3 Operational Considerations 
. . 

8. T.3.1 Manuals and Standards. Radiochemical processing has been carried 
out at Hanford for over 35 yr. This long experience has produced detailed, 
written radiation work _procedures (RWP) and protection standards that 
canply with the guidelines of Reference 2 for maintaining radiation expo
sures ALARA~ The. procedures and standards are documented. in the following 
manuals. ·· 

• Environmental Protection--Manual(9) 
. . 

· This. manila l _details _ the standards r or contra 11 i ng the re 1 ease of 
r~dioactive ahd nonradioactive ~aterials i~to the air, water, ·and 
soils; the environmental survei 11 ance program; and the eff 1 uent 
sampl i r:ig· and monitor.i ng program. · 

• · R~d~ation Monitoring-Manual -of-Standard Practices(lO} 

This manual is a documented collection· or methods, routine prac-
. tices, ccintrols,.exposure guide·s, supporting data, and other . 

infonnation developed to serve as a guide to. Radiation Monit_oring 
._ personnel in perfonning and maintaining a uniform and sound radia

tion control program. · The technical bases of the limits and 
procedures contained'. in the manual stem principally from authori-

. ~ative bodies such a~ the National CotintiJ on Radiation Protection-· 
and Measurements, the now defunct Federal Radiation Council, and, 
the International Conmission on Radiological Protection. In addi- ·.· 
tion, requirements of DOE an_d other federal regulations _have beeri 
included where appropria~e. 

. • Radiation Work Pennits{ ll) 

This manual sets up regulations_· and practices for radiological 
protection in various phases of-work in radiation zones. Radia
tion -work permits for the PUREX Plant are contai.ned in this 
manual. , . . . . . 

• Radiological c·ontrols(12) · 

This manual details the radiation protect'ion · standards and con
trols in ·effect at Rockwell.• 

• Health Physics.Procedures(13) 

This manual contains, specific procedures .followed- by Radiological· 
Engineering personnel- and includes instrument calibration, sup
plemental dosimetry; etc~·· 
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.fo addition to the precedi.rig rnanua:1s.~ ~here.·ts'\cor:istant updating ·:Clf' ·.. . · · .. 
existing ·proceau.res and initiation bf new procedures When neces-sar.y.:' These· 
procedu·res: are known as standard op.eratfog procedures :(SOP) and p 1 ant. . . ·.· ·. 
operating procedures {POP) and are developed to assure that operators can.:· 
:comp 1ete .al1 assignments concerned w'ith the· col'lection, containment:, .stor-
age, and transport of radioactive .materials without undue risks of per~ 

. sonnel. exposure or release of contaminants to the,environment~' • The· · .· 
·: 'Operating Dec ''".'.':'2•:its Gr-oup of the Process Eng i iieeri rig Depar1~ment of. the · . 
·· Research and· Engfoeering Function keeps the SOP and POP up to date.:(.s~e 
. Section •10.4.1)., · · · · 

•·· .s~:LJ.2• -O~cupational Exposure· Contfols •. · To maintpin p.ersonnetradiation· 
exposures ALARA, Rockwe1 I: nas adopted. rad·iation control ·levels. that ar,e 
·1ower than DOE l1m-its. Rockwell radiation control levels, along_ with•the 
l-imits of DOE,·are presented in· Tabie s:..1.· .Ro·ckweil•annuaFand quarter;ly: 

·· ~ .. i · ·control levels can be exceeded only after· obtaining a written approval from· 
· ·· ~-. . the Manager, Radiological Protection~ · Exposures above ·contro1 · 1evels 

r.:::::l.' • .. without prior written approval are considered as radiation occurrence$ ·and.· 
i:::.1J> · ·· an evaluation of the event is necessary. When· the exposure status-<.of an 

· ~ employee<becomes,:uncertain or an exposure control level .is .Tikely·to ··have 
·f',i,~. . '. been exceeded,. that i:ndfvidual i.s restricted from enter,ing posted radio.; 

· ;~:: :. t. ·.'·logic al areas· unti 1 · the exposure has been determined. Rad•i at ion .surveys>of ·. . ·:,,,, .. 
esr ..... · . ·.an 'radiation and contaminated· areas· are- -conducted on a schedu-led has·i s. ·. · 

. ·.· i.e., daily, .weekly, ·monthly etc., depending upon.the frequency of_-,use and_ 
· .. hazard· potent.ia 1. During .P 1 ant · startups· -surveys are con.ducted more ... ·• · 

. · . ·frequently.. . . . . . . · · · 

·()pe~atipna·l considerations· which .red_uce personnel exposure to ALARA. · : ... · 
. were reflected in the original design and have continued w·ith all the , .. 
current design changes. As stated in Section 8.1.2, the PUREX Plant was.·. 
built. with the benef~t•of operating experience of older fa~ilities.· The . 

· _current design changes ·upgrading· structu·res, systems, or machinery ·neces-
. sary to reduce exposure to ALARA have been made from the experience gained··· 

from ppera~ing the PUREX Plant •. · 

If design changes ·are necessary after PUREX becomes operational or if 
certain·-reasonable changes will. reduce occupational exposure, a Change_ 

,.Engineering Order (CEO) wi.ll ·be··issued. These changes can:be implemented 
any time du.ring the operating period of the plant whe·n app·ropriate •. · 

8.2 ·· RADIATION SOURCES· 

The. sources of radiation used as bases ·for radiation protection design· 
···· are described ·in this section •. Solid waste generated in the .nonnal opera- . 

tions are not considered a radioactive source for·shieldin~ design. These· 
wastes are :packaged 1n .containers approved for. waste storage or disposal 
and under procedures which assures protection of the workers. For: co.ntami
nated equipment, the packaging and disposal is designed for each specific 
case. 
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TABLE 8-1 •. Occ~pattonal _Exposure._L_imHs:·and .Controls.a 

·· DOE 1 imits .( rem) 
· Organ . 

Rockwell control 
levels (rem) 

Annual Quarter Annual· Quarter Week 

Whole body (head and trunk,. 
gonads, lens of eye, red 
bone· marr.ow, b·l ood-f ormi ng 
organs) · 

Skin ·(except· hands and 
foreanns) 

Other organs (except bone) 

Bone. 

Forearms 

Hands 

Feet 

5 

. 15 

·15 
: 30 

30 
75 · 

75 

3 3 1.25 

5 9 3 

5 7.5 -
10 ls -
10 15 5 

25 15 5 
25 15 5 

aAs measured by a Hanford multjpurpose dosimeter and a finger rfng 
. dosimeter. 

0.3 

0.9 

bAs measured by:· (1) finger ring~ worn with TLD :chip oriented toward 
the source, or (2l an open-wi_ndow CP. and timekeeping. . · . 

. CAs measured by. a ci_osed~wi ndow CP and timekeeping. 

· .. '.: 8.2.1 Contained Radiation Sources· 

For shielding· design, radioactive sources are classified in three 
- categories: fuel elements, process-streams, ·and plutonium product • 

. 8.2.1.1 Fuel Elements •. The N Reactor fuel elements are described in 
Secti(?n 4. 1. 1. The geometry, weig~t, -~hemical makeup, and fission· product .. 
(FP) 1nventory are also presented ,n F1~ure 4-2 and Tables 4-1 through 4-4. 

,. ' ·. . . . ' ' 

8.2.1.2 Process Stre/JJIS.. The volume and geometry of the PUREX Pl ant 
·ch.emical processing vessels are described in Table 6-L The FP activity 
:-;n the most radioactive tanks is. also. presented in Table ·6-7. Liquid' 
wastes are considered as process streams and are· included in the shielding 

: design •. 
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.. Review.of •operating experience at· Z Plant, the facility: where this.opera_;: :· ·· 
. ,tion was previously c·onducted; reveals.the neutron dose· rate from a )~s..:kg 

.·mass of. pluton.ium to be, typically, -in. ,the range·of 40 to·100 mrem/h~· 
. S.1miliir dose rates are expected frorri product.handling.in the plutonitJm . 

-oxide .p'roduct,ion -facility .. The i sotop.ic comp.as it ion. and activity .of .. 'the · · 
: :_·:. various types of pluton•ium prod1;1cts are· shown· in: Tables a.:2, and t·:.~_·::· .. 

..• 

TABLE. 8-2. · Approximate. Compos i-
~ tions of Typ icat Plutonium 
· Produ·cts from N Reactor..a · 

.Conc·entrat ion '(wt%)b 
.Isotope: 

6. 9 12 

238Pu. .. 0~01, i': · . ·.0.03 .. ·o.l. 
; 

239Pu · . 
93.2 89.3 85.0 .. 

240P . . u 6.0 9.0 1.2.0 
·. •· ,. 

241 Pu·c 0.76 l.62 2.6 
.. 

242 .·. · Pu · o-.d3 . 0.10 0.2 

24,-Amd 
.. 

0.01. 0.02 0.05 

aTotals do·not add to 100% due to 
· ·rounding. 

. . bThe headi119s 6, 9, an·d 12 desig-
n.ate products by nominal 240pu concen
tration. 

cA bet·a emitter; all other ·iso
topes are alpha emitters. 

dTypical values--241Am fonns from 
•. decay.of 241Pu; therefore, varies · 

depending upon:the age, since separation: 
and· purification.. · 

. -a .. a 

. . . 
·'. . 
. ,·:,,-,·, 
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TABLE ·s-3~ .. : Radioactivitj ·of ·Pi;JbJnii.Jm~· 

. , 240P cornpos it ion Calculated neutron Activity ' u emission rate {%) (11/s..:g) . (Ci/g) 

6· 5.6 X ·10 3 0.94 

9 8.6 X 103 1.88 

12 · 1.2 x. 104 3~00 

. . ,. . 

· .8.2.2. Airb.or11~ Radioactive Material Sources 
.,u;:i 
f'O, ·. 
·.co• Radioactive gases g~nerated inside the process vesse 1 streams are 
9 · rerooved by offgas. systems descr.ibed ·in Sections· 6.3. l .5 and 7 .4. Under 
2;;:· . nonnal operating conditions, the pressure in the process stream vessels is 
N · negative with respect to ambient air pressur~ in the process cells, minit~ .- inizing out-leakage. Tritium (3H), 14c as·part.of carbon dioxide, and· 
~,t ... 85Kr are not. removed by· the. offgas systems and_ are eventually trans- · 

-., ferred to the canyon ventilation system for discharge to the atmosphere. 
/-The amounts of 3H and ·a5Kr· (as well.-aS: other radionuclides) discharged 

ta the atmosphere are estimated in Section 8.6.3.l •. The evaluation and. 
control of potential airborne radioactivity concentration is discussed in 
Section 8.5.3. 7. · · · · 

' ' 

.. During maintenance work an the process lines and vessels, some holdup 
· . radioactive liquid often leaks to the .floor of the canyon cell and col-
.·:·~ lects in the· sumps~ .Airborne ·radioa'ctivity in the canyon area. is the . 

. . . · result of resuspension of· some of this radioactivity. · An estimate· of the 
· .. resuspended acti vitY in_ the canyon is ·difficult, because of the presence 

·. of the large airflow .and .Pressure gradient of. the ventilation system. · The 
ventilation system is· operated continuously. · 

. The sc111pling stat.ions. have exhaust ventilation systems designed such 
.·•. that rad.ioacti ve gases cannot, :leak into the sample· gallery. In ·the sample 
. gallery and in the laboratory,- any quantity of airborne radioactivity 

would most pro.bably be produced from· a spill. ·Some airborne radioactivity 
in .the canyon area results from the resuspension of fractional amounts of 
spills and leaks. Other sources of canyon radioactivity are also present 
in the course of normal operations. Normal maintenance· ·activities 
involving the hot shop and decontamination cell at the PUREX Plant can 
also constitute a continuous source of airborne radioactivity. Finally, 
t\rtO activjties involving the.PUREX Plant railroad tunnel could potentialJy 
contribute to airborne canyon radioactivity. The first activity involves 
the off-loading of a fuel elem_ent during the charging process. The second 
involves the loading out of contaminated equipment during which some 
surface cont,ami nation on the equipment may become airborne. 

8-9 
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,3.Z .'3 -- Radiat 10n :Control Progr_am 
·:,:_·.,.. ·,., \. 

. ' ,; ,. . ~ ~ . ,, ' .. 

. . A routine radiatio·n control program .is defiried(lO) ,and estab1ished -
· to maintain a ·current radiological .status- of conditions both ins id~ and 
·.,outside of radiation zones.· 

··. ·_.·.This routine control program consists of sever.al s·urvey frequency· 
· categorie·s, Le., .shiftwise,· daily, weekly, quarterly., monthly,· semi
.anr,ually~ .an.d annually.·. These ·categories can be further subdivid~d~ 
depending up'on. the ·information de.sired. ·The .frequency of the routine 
surveys: is based on the evaluated pr_obability and degree of -.potential for: . 
off ;_stan·aard -ccmdit.fons of the· location being surveyed. · · · · 

,The obtained st~tus information" makes it pos.sible to :~ecogniz~ off'.. 
standard .conditions. and initiate· corrective -act ion, and :proviQes a method_. 
of determining long-range trends .in radiological evaluations~· · · 

_8.3_ · RAOIATION. PROTECTION ·DESIGN FEATUijES· 

8.3 .. 1 'Facility"Design Features 

. . Rad-i ation exposures from.contained sources of radiation are control~ 
... _ led through extensive. use of two basic strategies, often referred -·to. as· _ 
. _ ·tdistance" and_ 11 shielding 11

• Traffic to certain radiation areas is con-· : 
trolled through doors· equipped with electric locks operated. from a central 

· location 'known as the di spate her' s ·office. ·. Airborne "r:adioacti vity is · · : 
controlled by. a ventilation sys:tem which ensures that _each· occupied room:' .. · 

. -has numero·us air changes per· hour· (see Section 8.3~3) anol that the flow of 
. :atr is from uncontaminated areas to contaminated. areas. Air from normally 
. co~tami natea· · areas is -f i lter:ed before discharge to the atroosphere~ · 

. . . . . . . . . . . . . . 

. In the P_UREX Plant,. the.chemical processing: operatfons'are performed<. 
remotely {i.e.~ uti 1 i zing di stance and/or shielding to keep the radiation : 
exposure of personnel as low as practicable).· .The chemicai · processing 
equipnent and process·solutions are located in a heavily shiel<ied,area,·, 
described in Sections 4.3 and -5.2. Process equipment is generally operated 
to failure, decontaminated in place or in M cell, and replaced remotely, _ 

. using one of the shielded, overhead bridge cranes in the canyon (see 
·. ,_Section 5.3.4'). Traffic co1_1trol to radiation :areas where plutonium .is 

·· handled is improved with the addition' of a new CCTV surveillance system.:·, 
- The· systems for roonitoring gaseous and -1 i quid effluents have been upgraded 
· -to the .latest standards (see-Section 8.6.1). Monitori_ng of. airborne.radio-, 

-···._activity has been upgraded -with the use ·of new CAM· units. A new criti-
c al ity alarm system comp.lying with DOE· Order 5480. l, Chapter V, except for 
DOE-approved .logic deviation, has been installed in the. PUREX -Plant (see 
Sections 8.3.4.2 and 5.4. 7. l. 7). { 14) New ·analytical equi prrent- that wil 1 
allow more accurate monitoring of exposures· has been installed in the 
_1a·boratory. · 

8-10 . 

j") •' 

''":'t,· .. \ ,. .. 

. ' ,, 
_';:, 

' ·_, 

: ' 



~ .~, 
~-

SD-HS~SAR"."001. 
·. 1E'.' : 

... >!~"-'~t- . 

8.3.l.l The Dispatcher's Office~. The cont.i.nuo~sly manned PUREX Plant 
aispatcher 1s office is located across the hall from the central control 
room. The.dispatcher controls access to radiation areas with a potential 
for high per~onnel exp6sure. For each electric~lly controll~d door, the 
dispatcher's desk has· two visual indicators that show if the door is open 
·or closed, and a toggle switch that is used to exercise remote control. 
Currently, there are 23 doors which can be controlled electrically from 

· the djspatcher•~ de~k~ All electri~ally controlled door locations are 
linked to the dispatcher's office by phoneo The dispatcher documents·the 
traffic in and out of rad_iation areas in th.e "door control personnel log." 
The dispatcher's desk has 23 additional visual indicators for doors that 
can -be opened by keys. These indicators show if the. doors are open or · 

·closed. There are two alann boards with 40 visual indicators on the· 
dispatcher's desk. Of this number, 18 are fire• alarms; the remainder are 
linked to the criticality detection system and to radiation monitoring 
systems. · · 

9'. · · 8.3.L2• Fuel Receiving Area •. The railroad tunnel is described in 
· ~· Section 5.2.2.5_. The railroad tunnel is designated as a Radiation Area--
~..!· · Surface Contamination (radiation· workers could receive from 1 to 
·~ 
~ · 100 mrems/h) and beyond a yellow line in the tunnel, workers must wear 
~ ... mc;1sks because of the potential for airborne·.radioactivity. Traffic in and 

/ out of the area is controlled and documented by.the dispatcher. The cask 
f cars, casks, and canisters used to ship the fuel elements from the 
.,,:. N Reactor area to the Pt:JREX·Plant are described. in Section 603.2.1, 

6.3.2.2, and 6.3.2.3. Unloading of-the fuel element canisters is 
performed remotely from the c·anyon crane as described in Sections 6.3. l 
and 6.3.3.2. Radiation workers enter the tunnel after unloading and 

{ survey the railroad cars for contamination.· The entrance to the tunnel is . 
. _, a ro 11-up door, which functions_ as ·an· air lock~ Shielding of the entrance · 

is ace amp 1 i shed by mounds -of- earth which a re stacked in a northerly 
direction.· Inside the tunnel, the walls and roof .are 4-ft-thick 
concrete. Once inside the canyon proper, the ceiling of the tunnel has .a 
horizontal sliding door (interlocked 'With the roll-up tunnel entrance 
door) through which the fuel canisters are lifted and brought to the 
di sso 1 ver. ;. 

. . 

· 8.3.1.3 Fuel Handling •. The unloading of fuel elements is perfonned 
renotely from the canyon· crane~ described in Section 6.3.2.5. A storage 
basin, described in Section 5.2-.2.6, is located east of the railroad 
tunnel.. The storage basin is part of the canyon, which is designated as a 

·.Restricted Access Area. The concrete walls of the basin· are 4 ft thick. 
The storage basin was built to store the type of fuel elements used prior 
to the introduction of the N Reactor type. Modification of the fuel-
hand ling equipment would be necessary .before N Reactor fuel elements could 
be safely stored in the basin.~· There are no plans to use the basin- for 

_ N Reactor fuel storage at. thfs time. 

8.3. l.4 Remote Process Gells. The processing systems are located in the 
renote process cells, described' in Section 5.2.2.L Removal and replace
ment.of process equiprrent is,.perfonned remotely with the canyon crane. 

· Under normal working conditions,· the . remote· process cells are covered with 
3-ft-thick' .cover blocks- ,which :f onn 'the. deck of the canyon. When covered,. 
the· exposur~ r_ate on the' deck of. the canyon •is about 100 mR/h (above F cell, 

a..:11 
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t:he' radiation, fieJd approaches SH/h). ·. A door./ controlled ·by the dis-
.· patcher,. a Flows. access 'to th~ ·-canyon. . The .deck of the. canyon, , s desig-, 
·. riated -as :a R~stricted Access· Area. The north wall of the process cel'ls ts .. 
·. 4-ft-thick -concrete at the height of the pipe and operating (P&0) gallery · 
.. and 6 .0-ft-th ick concrete below •.. ·· The .west end .wall ·Of. ttie :canyon· is'. 2: ft · . 
• thick; while .the east end wall~ which is also ·the wall pf the -railroad.···· 
·tunnel; js4. ft t~kk. · · · ·· · 

8.3~1.5 Process 0ffgas·Treatment. ·. The process offgas treiitme~t systems 
are described i.n Section ,7.4. · All ·the first-stage removal components of · 

.the three offgas process _systems [dissolver offgas (DOG), ammonia .offgas·~ 
and· process offgasl ar.e located ·in the remote proc.ess cells, described in. 

'Section S'.2.2. L . All maintenance·wor~ on·these components of the.process· 
offgas treatment syst'em is· done with mechanical tools· _remotely control J.ed: 

· 00, · . . from the canyon crane cab. . · •. . 
.·~• 

.gg· . : .. 8.3.l.6. Service Galleries and Hot Pipe Trench •. The crane cab gallery is 

. .,,· shielded ·by a par~pet from direct radiation from the floor of the canyon or 
.. · !=:.::> from remote process ce 11 s when uncovered. · . The parapet· is l. 5 · ft thick. 

•·i~. .The-north wall .. of the·canyon·:is 4 ft·th.ick; .. The floor of the crane,cab ·: :· 
.. ·~-.·.····gallery is 2 ft. thick. Periscope and CGTV·are used to per.form work. The . 
. ~;: crane cab gallery.·is designated as both ·Radiati.on Area--Airborne Radio-, 

:· activity. Traff.ic in and out of the crane cah gallery .is controlled'by:,-the 
dispatcher. On the other- side of the canyon (the south side) the hot•.pipe · .:.:, 

.. > trench ( describ"ed -in Section .. 5~2~2.2.) runs parallel to the process tells •. 
· Maintenance work on' piping 1n the hot pipe trench fs done with mechanical 
·: .tools. remotely controlled from the canyon crane cab •. · Under normal opera-, · · 

tions, the hot pipe trench is covered with 2.5-ft-thick cover ·blocks which. 
· form the .deck of. the canyon. As mentioned in Sect.ion 8.3.l.4, the· cover:. 

blocks are designed so that the exposure rate on the deck of .the canyon i.s. · 
about 100 mR/h. The north wall of the.hot pipe trench is 2.5.ft thick,· · 

. while the south wall, also known as the south canyon wall,· is 5.5 ft ·thick 
below the canyon deck and 4 ft thick between the canyon deck and the remte 
crane. level. · · 

. The P&0 gallery, located directly below the crane c~b gallery, extends•. 
the full length of t~e building~· It is designated as a clean area (radia- · 
tion level is .at background .and does not require any protective ·clothing)~ 

. However, sites with nonremovable contamination are cordoned off" and desig-

. nated as Radiation Area-Surf ace Contamination. The .west end of the · 
· •• . P&O gallery, the white room~ is separated by a wall. and ·designated as. a· 

· ·Radiation Area--Surf ace· Contamination~ . Entrance to the white rooin is 
through a check station. 

• Th~ sample gallery, which is below the P&Ogallery, also extends the 
full length of the building, with the exception that it-terminates at the 

. railway tunnel on the east~ ·· It is designated as a Radiation Area--Surface 
·. Contamination. When the PUREX Plant is operating, some of the "A" sampling. 

stations (see Fig •. 6-77) are designated as High.Radiation Areas •. The 
sample gallery is bordered on. the south by the-6-ft-thick process cell wall 

·. and on the north by the 3-ft:-thick .north canyon building wall. The ceiling 
· -of the sample gallery is 1.5 ft thick. The floor is also 1.5 ft thick. · 

Traffic in and out of the sample gallery is through c.heck stations •. 
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. The storage gallery, ·wi{i_ct() __ s. below the. ~a111pJ.e "ga_llery, extends the .. 
full length of·the buflding and 'terminates at the railway tunnel on the 
east. Normally considered a clean.area, the storage gallery has been 
contaminated due to leaks through the building expansion joints. Some 
minor contamination may also occur in the future. 

8.3.1.7 Waste Treatment and Storage. The .treatment of the high-level· 
, 1iquid waste is discussed in. Section 7.5. The high-level liquid waste is 

transferred first to vessels· in F cell, where it is made alkaline, and then 
to the 241-AY or 241-:-AZ .tank farm. A 11 maintenance work is done with too 1 s 
remotely .controlled frolT) shielded areas •. 

. . ' -

. 0ther-than-h.igh-1eve1. liquid waste. is .. also routed, to vessels in. the· 
remote process cells. and then. to the tank fann as feed for· the 242-A evap
orator ('see Table 7-4).* All maintenance work on this stream is done wit!i 
tools remotely contro1 led, from shielded areas. · . . . . 

N 
-~ 

The disposal of s~lid waste is described in Section 7~7.** Highly 
rad.ioactive equipment is moved from the canyon to the· railroad tunnel, 
.loaded on flatbed cars, and disposed of in PUREX burial tunnel 2 (see 
Fig •. 7-24) •. The loading process is remotely controlled from the canyon 

-~ · .· · crane.· .Less contaminated process equipment and miscellaneous canyon waste 
rtl-..., ,·;:are also transferred to the railroad tunnel and loaded into large boxes of 

·.· _{precast, reinforced concrete and _transferred to approved burial sites.· 

'. ',- ~· 

· ;JAgain, all the work is remotely controlled from the canyon crane. · 

· .8.3. LB. Product Loadout and Stora~e. The uranium product s~lution, 
[2M U02(N03)2J in dilute nitric acid, is puinped from the sample tank in 

.. the process cell to one of four 378,500-L storage tanks located in the · 
'203 area about 100 m north of the 202-A building for interim storage. The: 

product .solution is load~ into tank trucks ·at the 203 __ ar~a for transport. 
:to the U01 Plant. "The entire 203 area is a radiation area. However, .the 

•. radioacti~ity of the uranium product from N Reactor fuels was typically 
·· le~s _than .that of aged _natural -uranium, and the· .radiation dose at the. 

· ··surface of a tank full of product 'solution was tyµically less than 
10 mrem/h. ·comparable radiation doses are expected for this area during 

· · ·. future operations. · · · · · 

As the ba~e case,. plutonium nitrate product sol4tion from solvent . 
extraction 1s sampled and transferred to N cell for conversion to plutonium 
oxide, sampling, packaging ·and loadout~ . The solution may be loaded out in 

.· the PR room (see Figure 5-10 for layout)· for shipment to other facilities. 
· The PR room, N cell, and· Q cell· are designated as Radiation .Area--Surface 
Contamination. · The· solution storage fa_cility is located in an enclosed 
area in M cell, which is. a Radiation Area--Airborne Activity. Most access 

· .. door.s to radiation areas are equipped with electric Jocks, which are oper-
ated· by switches ·;n the dispatcher'·s office (see S~ction 8.3. l. l). 

· The disposal of liquid waste from the laboratory is described in 
Section 6.7~2.4.2 •. 

-n-The. disposal of solid: waste from the laboratory is described in 
· Section 6~7.2~4 .• l.: · · 
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. ~orrtiq.lJy~ only-'. those .access doc.rs ·to high radi ation<areas ,are·,]ocked and : . 
cohtr·ol 1ed by the ai spatcher; however, any or all of the nonnany unlocked .·· .·. 
doors can be .locked _and control led in the event of an accident~.·• · · 

.·. ··Additional access· control to. the PR corridor, ·PR room,. M cell '.,ancfo- . 
. __ sure, and N cell is provided,: for safeguards purposes, ·by vault-type doQrs 
. · ·-equipped with combination locks and detector-al ann systems to lnd1c;:·ate . · 
···.when a door is opened. The door alarm system is monitored by Security 
: · personneL . . . · . . . 

. 1:-·· safety analysis indicated that. none. of the· safeguard·s and sei:ur1ty 
features would obstruct emergency acc,ess and egress from the PUREX 
build:ing or N ce]l.(JS)· .. _ . ·: .. · , · ·_ ._ · . . · . · •.·. 

· 8.3. l.9 Location. of: Airborne Radioactivity and Area Radiatio'n Protection 
Technologists. Figures 8-1 through 8-9 show the location of stationary 

. radiation mon i.tors, portable survey instruments, air.samplers; Scott •air 
.· .·packs, and step-off p·ads in the building. · -Rockwell standards for . 

.. installation and procedures for location and calibration of, instruments• .. · 
are described in Refe·rences 10 through 19. · Figure ·10 presents the 

I ·• • ~ii%r.f .. 
! -~;·_._ 

radiation. and :clean areas in the PUREX building.· In locations where there 
is a h·igh po.tential. for surface contamination~ •a maximum concentration . .. . 
control effort is 'always appropriate. The N cell area ·is such an area and 
although it is' norm·ally .free. of surfac:e· contamination,· it i's· treated as a_•· 

-~. 

surface contamination area •. Figure 8-11 shows the radiation_ areas · 
surro~nding_ the PUREX· building. · 

• 8.3. l. 10 Laboratories •.. The PUREX analyt·ical laboratory ts, described ,in·· 
· Section 6. 7 .2, and a layout of the facility js shown. in Figure 6~79. . · -
Traffic to the laboratory is controlled through check stations and air 
.locks •. The .laboratory is designated ·as a Radiation Area--Surface Contami- · 
nation. · Some hoods are desig~ated as High Radiation Areas. An. important 
protect ion feature of the 1 aboratory is the hi gh-vo 1 wne change of air per 
hour f.or each,room. The laboratory.hazards analysis is dE~scrtbed. in-•: 

· Section 6. 7 .2.6, while the movement and handling of radioactive samples:> 
. are described in Section 6.7.2. Figure 8-12 presents the portable and 
:stationary monitoring and detection instruments •within the labor,atories • 

. 8.3.2 Shielding 

8.3.2.l. Early Shielding Calculation. The original calculations for the 
· sh:ieldi_ng requirements of PUREX are well documented. in the PUREX Technical_ 
· Manual .(16) .··The.bases for the design .of the shielding fonow_. . ·.. ·. _· 

, . PUREX Plant shielding has been designed to reduc:e -radiation 
intensities to a maximum of 1.0 mR/h in controlled zones, 

· 0.1 mR/h in •uncontrolled zones, and 0.01 mR/h in radiation · 
counting equipment zones. · · 
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, The principal shi"elding elements in the 202-A· building are 
concrete walls and roof. For economy of design and construc
tion, the thickness of any continuous wall is constant. The 
thickness is that required to give protection from the radiation 

. source of maximun intensity shielded by the wall. 

• The· canyon roof is l ft thick and reduces the radiation level 
resulting frcrn sky shin&-to a maximum of 1.0 mR/h at ground 
level • 

. • Concrete cover blocks from the process cells, the "hot" pipe 
trench, the 'decontamination cell, and the pool cell are designed to 
limit the radiation level on the canyon deck to 100 mR/h. · Thus, in 
the absence of any radioactive materials above·the deck level, 
access to the canyon is. permitted if the-covers are in place. 

• The concrete sidewalls of .the rai.lroad tunnel, within the canyon 
area, are 4 ft thick. The sidewalls limit the radiaiion level on 

- the tunnel floor to 12 mR/h when cell covers are in place. The 
8 ft water depth over the loaded slug buckets in the storage· 
basin reduces the radiation level at the surface to 100 mR/hG 

• In the PUREX Plant, piping through concrete shields is run with 
an offset bend of ·at least five diameters in the shie1d. Like
wise, radiation could escape through the resulting crack if the 
joint bet-ween: a ce.11 cover block and a cell wall were· a straight· 
line. In the PUREX Pl_ant,. radiation through_ such a"joint is· 
attenuated by. maintaining close clearances and .fabricating steps 
in the joint such that no straight-line crack passes more than 
one-third of the distance.through the ·sl:iield. · 

For openings such as doorways, lqbyrinths are frequently con
structed in the shielding material to attenuate radiation. 
A labyrinth provides. a path through the Shi~ld, which ·includes 
sufficient right-angle turns to scatter any radiation entering 

· the opening to below atcetable exposure limits level c In addi
tion, the labyrinth is constructed with walls of a thickness 
sufficient to cause any straight-line radiation to pass through 
the normal sh-ield thickness. · 

8.3.2.2 ·Shieldin1 of Fuel Element •.. The cask cars, casks, and canisters 
used to ship the uel elements from N Reactor to the PUREX Plant are 

· described in Section 6.3.2~ Oose· rate analysis at maximum contact point 
(at the- side of the car) follO\:'IS for Mark IV and IA fuels after 180 d of 
caoli ng. · · 

Source- ~/h 

Mark IV 40 
Marl< IA . 80 

Personnel exposure from the casks is· minimal due to POP and admini
stratjv~ cbntro]~. 
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_ B.3.2.3 Shieldina of Process ·s·trea~s. ~ See Figure T~4 for ·a.c~oss-sectfonal 
. v'iew of the canyon. There·are no galleries or rooms·on the south,side of 

the canyon building that have personnel access.'. The outside of the· 
· building oh the south side has 5.5 ft of concrete shielding from the hot 
pi.Pe trench and a total of 8 ft of concrete shielding from the process 
vessel~.· The galleries adjacent to the process cells on the no~th ~te 
shielded by at least 6.0 ft of concrete. ·The g~lleries can be .considered 
:occupied areas. The -::--iginal shielding calcuiat.ion.for the north walls .:V..'l~ 
done under the assumption that the processed fuel ·had.been exposed to 
600 MWd/ton for 40 d and cooled for 90 d. Table 8~4 lists the results of 
the ori.ginal shielding calculations for the· hottest process· vessels. ·The._ 
tabulated values are for .points which are 8 ft ·from the .equipment' piec.e,. in 

· the case of tanks, or 12 ft from the equipment piece~. in the ·case of 
collmns •. Each of these dimensions about·equals the effective distance :from· 
the radiation source to the outside of the shielding wal 1 •. Therefore, th~ 
attenuation factor for that source is only that required of the mass of the 
shield and is not a function of distance (.maximum pennissible radiation· . 
intensity is 0. 1 mR/h). · 

TABLE 8-4 •. Design Basis Radiation Source :Strengths • 

Source 

lWW receiver ·(TK-F26 )· 

· HAI= tank· (TK-Hl) 

HA col lllln '(T-H2) 

lBXF pump gank (TK-J3) 

2UC receiver (TK-KS) 

Approx imatea. ' 
intensity, R/h 

45,000 

7,200 . • 
2,700 

0.02 

0.0007, 

.· Approximate . 
attenuation factor 
.• requiredb. . 

s· x ·108 
' '7 

8 X 10· 

3· X 107 

· 2 X 102 

7 

aFuel exposure of 600 MWd/ton over 40 d and.cooled for 90 d. 

bAtten~ation factor required to reduce maximum radiation 
intensity.to 0.1 mR/h. 

. .· Because of .the -different types of fuel elements, radiation i.ntensities 
through the concrete wall have been recalculated using the IS0SHLD code. 
with the RIBD code as a subroutine. The IS0SHLD code is a general-purpose 

· sh iel ding analysis code. The RIBD code is used to calculate: the FP · inven- . · · 
tory. The calculations were done for a load of Mark rv and Mark .lA fuel 
irradiated. to 4~000 MWd/ton at 13.2· MW/ton and 15·.7 MW/ton, respectively. 
The calculations were done for the 6-ft concrete wall. ..The results, pre
sented in Table 8-5, indicate that the north wall of the process cells 
provides adequate shielding to the personnel in the galleries. 

The roof of· the canyon is 1 ft thick. It shields. against s~y shine· 
resulting from the process stream. The thickness was calculated to reduce 
the radiation level resulting frcm sky .shi_ne to a maximum. of 1 mR/h at 

•. ground level. 
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TABLE 8-5.. Ma:x imum Gamma· Rad i atibn · -In tensities through · 
· 6 ft Shielding "alls (~/h).* 

Source 45-d 180-d 1-yr 2-yr ·4-yr 
cooling cooling cooling cooling cooling· 

l WW receiver 1.0 X 10-l ~.4 X 10-3 5.X X 10-3 2.3 X 1 -3 0 4.0 X 10-4 
(TK-Fl5) ,. 

lWW receiver 7.9 X 10-2 6 .9 X 10-".'3 4.3 X 10-3 LS X 10-3 3.2 X 10~4 

{TK-F26J . 

HJlf tank 2.9 X 10-2 2.s.x ,o-3 l. 6 x 10-3 6_.5 X 10-4 ' 1.2 X 10-4 
(TK-Hl) 

HA colunn 9.4 X 10-5 a.ax 10""5 5. 1 X 10-5 2.2 X 10-5 3.9 X T0-6 . 

lBXF pump 2.7 X .10-6 2·.3 X 10;_7 . 
. . . -7 

6.2 X 
li)-8 ,. 1 10-8 . 1.5 x 10 · X 

tank (TK-J3) 
·2EU receiver 3.3 X 10-9 2.8 X ,o-lQ 1.8 · x 10-1 O 7.5 X 10-11 1.3 X 10-ll. 
(TK-KS) 

* Fuel exposure of 4,000 MWd/ton for Mark I_V and Mark IA fuel 
.irradiated at 13.2 MW/ton_ and 15.7 MW/ton, respectively • 

.. 
8.3.2.4: Shielding of Plut6nium·Product. The plutonium oxide production 
facility in N cell will utilize a combination of fixed and movable shield.;. 
ing. on the gloveboxes and shielding- walls and windows around the control 
room. The shielding has been designed to reduce exposure of personnel to 
ionizing (particularly neutron). radiation to such· a level that the workers 

•Wi 11 not receive doses in excess of- 1 rem/yr •. Tables. 8-6 and 8-7 show the 
results ·of the shielding. analysis for plutonium nitrate and plutonium oxide •. 

'. 'TABLE 8-6;. Maximum Radiationa 
Intensities of Plutonium Nitrate 

· Through Tank and-Glovebox Shield-
. · ing (100-d cooling).b(20) 

. . 

Source .. 
(tank)'_·-·· . 

. N3 

NS ·· 

N6 

· m~em/h 

18 

18 
18 -

aoes.ign basis is 12% 
240pu ~nd 1.7l 24lp~ •. 

t,A 1-in. Ben~lex·. is used 
. .for the aqueous glovebox~ 

. I 

I 

I 
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TABLE 8-i'.· Maximum Radiationa ·_ 
Intens·it•ies of ·Plutonium 

Oxide through Glovebox and 
· Ben~lex Shieldi~g . 
(100-d cooling).b(20) _ 

Source-
. {g lovebox). · · 

Reprocessing·· 

Calciner · 
(blender)c. ·. 

· mR/h 

18 . 

18 . 

aoe~ign basis is· 12% 240pu 
and l • 7% 241 Pu. 

bA 2-in. Be~elex is used for 
the shielding analjs1s for the 
reproc~ssing glovebox and a 

.1-iti.·· Bene lex· {s used .for the· 
calciner glovebox. 

. cBl~nd~r is ·uied here for· 
the analisis since-it·contiinl 
larg.est· amount of .Puo2 (40 kg.}.· 

8.3.3~1- Mad-ntain-Internal Exposure to As Low As Practicable. The venti- ·_ . 
. lat ion systans are designed to ensure that _normal working ar:eas will .be. 
· free. of potentially contaminated air from special hazard zones •. The four·

.· ventilation systans are described in.Section 5.4.1. A schematic diagram· 
of the 202-A building ventilation system is shown in Figure a.;.13 ·(a. 

· .detailed description .of ventilation system 2, branch 3, which serves .. 
. N cell is in. S,ection 5.4.1.-3) •. This is possible because of ·the following . · 
design features. · · · · · · · 

• There are four ventilation systems. Flow between ·the systems 
occurs only at doors or air locks. Some cross-flow can occur- in 

· elevator and dumbwaiter shafts but the quantity is small. A.ll .. 
•·penetrations between. ventilation zones are required to ·be sealed 

. for contamination control ·as well as ventilation control.· . 
Differential pressure (DP) between systems is set such that flow 

: is always from lower to higher potential for contamination •. · 

·• ·· The ventilation system of the PUREX plutonium oxide production 
facilityis a branch of ventilation system 2.· However; the 
~ntrance to the working .area is. through an air lock ~nd the 
exhausts of the facil.ity are passed throu~h s~parate high effi-

. ciency particulate air (HEPA} filters before being mixed with.·· 
. the exhaust of.ventilation system 2. Also, the ventilation 
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system of this f ac i l jty bas been broken. down.into two branches: 
one for the working·_area and the other: for the gloveboxes. The 
DP prevents airflow from the gloveboxes to the working area and 
single-stage HEPA filters protect against contamination in the 
event backflow were to occur. 

1 The inlet and outlet of the process ventilation system are in 
line with the prevailing wind direction~ The outlet is downwind 
from the inlet. 

1 Filtered gaseous effluents from the process vessel and cells are 
discharged from the 291-A-l stack at a height of 200 ft and in 
concentrations near the values given in Reference 3. The dis
tance between the stack and the building ventilation inlet is 
about 425·ft. Under fumigation conditions, the atmospheric 
dispersion factor, X/Q, is 1.0 ·x 10-3 s/m3.(17) Since the 
flow rate is close to 60 m3/s, the ~inimum dilution factor 
under fumigation conditions is at least 20. Even under this 
unlikely atmospheric condition, the concentration at the inlet 
due to exhausted ·radioactivity would be close to or less than 
the guidelines of Reference 3~ 

• In all four ventilation systems, airflow is always from clean to 
•·contamin{lted areas.· 

1 With on~ exception, all four systems are designed to have 
once-through flow; recirculation of· air is provided in the 
laboratory counting room for energy conservation purposes. 

• Normal working areas have more. than three air changes per hour, 
but specific areas where radionuclides may be present may have 
up to 45 air changes per hour (see Fig. 8-13}. 

8.3.3.2 Prevent Spread of Radioact.ivity in Nonnal Plant Operation. With 
the abov.e exception, all ventilation systems are designed to have once
through flow only. Recirculation is avoided. Direction of flow .is main-

.tained by static pressure controls.· The process vessel, the biggest 
source of gaseous radioactivity, is contained in an area that is negative 
in pressure relative to the nonnal working areas. The sampler and hoods 
in -the sample gallery,. potential sources of gaseous radioactivity for the 

.. working areas, have independente:Xhaust systems (see Section 5.4.1.2.l). 
A11 air from radioactive areas (see Fig. 8-10} is passed through filters 
before release to the atmosphere. . · 

8.3.3 .• 3 Minimize Seread of Radioactivity during Abnonnal Operation or 
Under Accident Conditions. The design reatures of ventilation system 1 
make operation possible during the abnonnal conditions detailed in 
Section 5~4.1.1.5. Pressure-sensing instrumentation, in conjunction with 
a backµp, steam-driven fan, maintains a static pressure gradient within 
the system under abnormal operating conditions. During loss of offsite 
electrical power, the backup, steam-driven fan would maintain a slightly 
negative pressure in'the process cells and in the canyon sufficient.to 
ensure any gaseous effluent pa~se_s through the deep-bed filters. . 

8-39 



'~ 
"-Dc. 
,::o: 
~i-

~ .. · 
·'1'.:~-

· -
-~-· 
~-

: -~1· 

• ,5:::-·-. 

. SD-HS~SAR-001 - . 

· The design· features of c"iientilation syst_e,n 2. that. make it possi ole to · 
operate under abnorma 1 operating condit io'ns ar~ detailed in 

·.~ 

.·Section 5.4.1.2.4. Each working area receives ventilation air from the· 
supply fans and discharges this air through the ventilation system plenum. 
The system is so designed that no working area is downstream from another 

• working area where airborne .radioactivity is possible~ The sampler and hoods 
of the areas serviced by ventilation -system 2 are designed so that there is ";; 

- always a- barrier between the.radioactive material and both the Personnel and 
the work area. 

. V~ntilat.ion system 3 ventilates the PUREX annex, P&O gallery, and 
storage gallery. These areas do not contain radiological hazards .during 
nonna l operation. . However, the P&O ga 11 ery and the storage ga 11 ery have . 
both experienced contamination from past abnormal events. A system of 

· damper con·trol and increased exhaust capacity has bee·n provided at. the west 
end of the P&O gallery (white room) which will exhaust P&O gallery ventila
tion through HEPA filters upon a signal from area CAM units monitoring the 
exhausters on the north wall ( the white room exh·aust is- conti nuousJy vented 

· through HEPA filters). The potential contamination in the storage gallery is 
.·a slow -migrati'on of contaminated liquid .from a .process cell whose sump had 
been allowed_ to -overflow.· No special provisions in the ventilation system -
are .·requ1red because of the lqw potential for significant airborne· 

· contaminat;ion, and adequate time for discovery and corrective act-i_on. · :•,·-
. . 

The design features of ventilation system 4 that make it possible to 
·-operate under .. abnormal conditions are detailed in Section 5.4.1.4.4.· Static 
p_ressure zones are maintained so that air always flows from clean· to contam;:.. 
nated areas. Pressure-sens-ing devices activate standby power supplies that 

. maintain the_ static pressu·re gradient. · · 

· 8.3.3.4 Control Contamination between Areas. The ventilation system con
sists of four cornponents which provide control within each area and between 
areas ( see drawing H-2-74353 for air lock locations). The maintenance of 
static pressure gradient also prevents flow of gaseous rad.ioactivity from . 

. contaminated to clean areas •. Cross-flow between areas -is possible· through . 
doors. Where there is a substantial pressure gradient, or a need to isolate 
one area from another-·for contamination control, the ·door is replaced by an 
air lock. Air locks are used as a neutral control area between ventilation 
zones for the purpose of maintaining ventilation balance when traversing 
between such zones. Doors are always kept c-1 osed when not used to ensure 
proper ventilation flow. · · · 

8.3.3.5 Control Air Contamination When Personnel Access Doors or Cell 
Coverblocks are Opened. whenever a cover block ,s removed from one of the 

. remote process. ce 11 s in the canyon, the system is designed so that an addi -
tional l, 133 m3/min of •air will be exhausted through that particular cell. · 
The static pressure gradient for ventilation system l (see Table 5.5) can be 
maintained at an acceptable .level with up to three cover blocks removed from 
process cells. 
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Access to .the cranes and,the crane maintenan~e facilities- is through 
air locks and doors electrically controlled from the dispatcher's office. 

The samplers and hoods in the sample gallery are designed so that 
there is always an airflow from the working area into the sample station 
or hood. This airflow is a barrier to contamination from the sample 
station or hoodo 

Access to the laboratory (ventilation system 4) is through air locks 
and check stations. 

8.3.3.6 Interface with Process Off gases. Mo·st process offgases discharge. 
into ventilation system 1 in the a1r tunnel between the canyon and the 
filters for·ventilation system 1. The pressure in the tunnel is kept below 
the pressure iR the process cells and the canyon. The DOG are treated 
prior to discharge to the main stack. The ammonia offgas is treated in a 
separate system (291-AD). 

· · 8.3.3.7 · Limit the Spread of Radioactivity within the Ventilation System. 
The four-component ventilation system is an important feature that contri b
utes to limiting the spread ~f radioactivity within the ventilation system 
(.Section 5.4. l). · For ventilation systems 2 and 4, the distance between the 

;:_,. working area where there is the possEPibifl~t
1
y of hradioabctiv~ rtele

1
a
1
sdes. and the 

HEPA filters is short. Redundant H A , ters ave een 1ns a e 1n 
Q cell to prevent spread of radioactivity (Section 5.4.l.2.l). In the 
event that the glass-fiber -filters in ventilation system l become clogged, 
it is possible to reroute the exhaust.airflow through a standby unit 
consisting of two banks of foref ilters and three banks of HEPA afterfi lters 

- (Sections 5.4.l.1.l and 7.4.1.1). The exhaust from the PR room, Q cell, 
and the N cell gloveboxes also .has two HEPA filtration branches in 
parallel, so that one can be operated independently of the other 

,, {Section 5.4.1.2.1). Each branch has two stages of HEPA filtration. 
. . 

8.3.3.8 Provide for· Power Outages. The distribution of electrical power 
. and the system for preventing power outages have been described in 
Section·s.4.2. The features of ventilation system l that cope with power 
outages are described in Section 5.4.1. l .5 •. _ve·ntilation system 2 is 

. connected. to the standby power system. Ventilation system 3 is ·connected 
to the standby power and stack 296-AB is continuously monitored • 

. Ventilation system.4. is connected to the standby power supply. 

8.3.3·.9 · Limit Radioactivity in the Stack Effluent •. Air from potentially 
contaminated or contam1 nated a_reas 1 s exhausted through HEPA filters or 
glass-fiber filters. With the exceptions that all the P&O gallery air is 

· only filtered upon CAM. alann and the storage gallery air is not filtered 
· (as discussed.in Section 8.3.3.3), all filter systems have an in-place · 
particulate remova 1 efficiency test before initial startup, after each 
filter change, and annually thereafter. Stacks 296-A-6, -7, -10 and -14 
are sampled on a weekly basis •. 

•. 
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8.3.4 Area Radiation, Airborne Radioactivity ·,and-Cr'itjcality Monitoring 
Instrumentation 

The -locations of all devices monitori rig radiciacti-vity in the 
PUREX Plant are shown in Figures 8-l, 8-14, and 8_.15. The movement, 
transportation, and storage of all ·special nuclear material is limited to 
areas covered -by these monitors. There will be .administrative procedures 

· tn prevent significant quantities of fissile material from- being 
transported to -nondesignated areas. · · 

The five -monitoring devices are ·alpha and beta/gamma CAM, criticality 
monitors, criticality dosimeters, gamma radia'tion -monitors, and rec.ord air 
samplers. All monitoring devices, with the exception of thi criticality 
.dosimeter, require electrical power supplied from the PUREX alternating 
current (a.c.), 60-Hz line voltage. The power supply for the instruments 
is connected to the standby power supply, discussed in Section 5.4.2.2. 

. . . . 

8~3.4.1- Alpha and Beta/Gamma Continuous Air Monitors. The'CAMs curre1ltly 
installed in the PUREX Plant consist of commercially_ available detectors .• 
Vacuum supply· for CAMs is maintained by a central vacuum system or portable 

__ -·vacuum Qump~. Th~se CAM units will _be ~nstalled according to stand- - · 
- ards.~ 17-19) .A summary of these criteria follows. - _ __ .. · 

. . 

. . . 

• ·A CAM. and a passive air sampler are-installed at each exhaust __ 
point in work areas with-a potential for airborne radioactivity. 
Additionally one "breathing zone" air sampler for each 20·ft2 -· 

· · of open-face hoods or gloveboxes is.installed. · 

• A vacuum system provides: 0.06 m3/min for.each CAM, 0.04 ~3/min 
for ·each air sampler, an additional 15%-for a reserve capacity, 
and two pumps of full capacity to pennit uninterrupted air 
sampling while one pump is being repaired or serviced. The 

.units have the following··characteristics: 

Detector 

Alpha radiation CAM (has a single-channel pulse height 
analyze·r); silicon-diffused junction type {cleanable) with 
0.75 in.~ area; beta/ganma radiation CAM; pancake-type 
Geiger tube with an active diameter of about 1. 7 in. and a 

_ density thickness of 0.2 to 0.3 mg/in.2 

- Filter 

The 47-ITIJI round filter is continuously monitore_d by the 
detector 

- Radon/Thoren Background 

Alpha radiation CAM have a subtraction circuit to eliminate 
interference from radon/thoron background 
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·. Counting Efficiency 
'." .. ~ . ' : . 

Alpha radiation CAM; about 10% for pulse. height analyzer 
setting used; usually 4.65 to 5.65 MeV for alpha from 
p.lutonium 

Readout 

Logarithmic readout of count rate from 1 to 
10,000. counts/min on front panel strfp-chart recorder 

- Alarm· 

Alarm point adjustable from O to 100% of full scale; a red, 
. alarm, rotating beacon l_ight and: a bell are provided· 
. ,· ' 

- Failure Alarm 

Indicates absence of signal from detector 

. Rotameter · 

Dwyer type; measures airflow; airflow will be set at 
2 standard ft3/mi.n 

- Background Detector. 

Beta/garrma radiation CAM units ·wi 11 -have a second detector 
located inside a shield to detect gamma background for· 

. background subtraction·. . 

Power Requirement 

117 V a. c .. , 60 'Hz~ 
l_ ~ • 

·Before installation, the instruments wer~ calibrated by.Pacific Northwest 
Laboratory (PNL) and Rockwell - i ns~rumentation personnel. ·. After install a
tion, Radiation Monitorfog wi1'1. detennine alarm settings and. perform 
monthly source checks. · 

··.- 8.3.4.2. Criticality A farm System. Critic:al it_y detectors and support . 
·equipment in the PUREX .Plant comprise the criticality detection and alarm 
system. The system generally meets the requirements of Reference 14~ The 

· detectors are installed in all areas where the possibility of a criti
cality has been postulated except within shieided process cells. 

. . . . 

The sys ten i-nc ludes 48 ganma rad.i at ion sensitive criticality al arm 
detectors (CAO), 48 criticality alarm detector modules (CADM), one criti

.. cality alarm relay module (CARM), one audible signal generator (ASG), 
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- \ 46 evacuation si'gnal horns~ ;·a storage battery .-and' -battery-chargers; an 
- · annunciator system, arid associated control_ circuitry. The system_ is -

described_ in Reference 21. 

The -CADs are located in sets of three each; so tha:t three detectors 
.are available to detect any criticality. The criteria· for placement are 
found in .Reference 22. The analyses-conducted to determine adequacy.of 
p lacemenf are documented in References 23 -ci,rough -~o. Placement of the 
detectors in the plutonium oxide production facility is illustrated in 
·Figure 8-14; .The_ placement -of the .detectors in Q cell, .PR- room,: - .. -· 
corridors l_ and 1.:.A, elevator shaft, hot- shop, M cell, sample gallery, and -

. P&O gallery is i-llustrated in Figure 8-15. -

_ -_ ·A CAD, as purchased from Nuclear Measurements Corporation, includes· - -
the following ii"! ·a sealed, dust-and rain-tight cylindrical case: 

• Organic, ganma sensitive scintillator 

•. Multiplier photo-tube 

• -Photo-tube current sensing circuitry coupled to a variable 
high-voltage supply 

•_-Alight source, bri_ghtness contl"'.olled from an·associated CADM, 
·for_ artificial background ·and testing purposes •. 

The circuitry _is all solid state~ ·Thephoto-t~be high voltage 
-reduces as the radiation intensity increases. · The circuitry responds. to 
millisecond -radiation transients~ Full output signal· is maintained for 

-extremely high r·adiation levels, e.g. 10,000 R/h. · · · 

The detectors are- cabled to associated CADMs. -These, along with. the 
CAI.Ms CARM; ASG, and other circuitry are located in an instrument cabinet 
in_ the PIV room in the storage gallery. 

The CADMs associated with the detectors are also purchased from __ 
· Nuclear ·Measurement Corp_. They are packaged in double-width NIM - __ -
. mdules.(27) · These modules plug into bins in the instrument cabinet • 
. The CADs and CADMs are purchased in accordance with specifications.(28) 

The CADMs have the following features: 

• _.-A ·front pane 1 meter with a logarithmic. range from 1. O to 
1,000 ~/h 

• A high alarm relay which is energized in normal' operating -_condi
tion. It de-energizes when the detector is in a ·radiation field 
above the normal set point of 100 ~/h, causing an alarm signal 
output 

• A failure alarm relay that is energized in normal operating 
condition with artificial background. It de-energizes when the 
meter reading drops below the failure trip setting, which will 
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occur for most causes of detector ,o_r mopu_le. J ai..1 ure. This 
•causes.a failure signal output . 

• Calibration and alarm set point ·adjustment 

• An artificial background control that controls the light source 
in the detector. This maintains a nominal reading. on the meter 
above the failure trip setting 

• ·status indicating lamps. 

The CAOMs ~onnect through 6p~rate-inhfbit switches to CALMs. The 
CALMs provide logic circuitry so that two CADMs must be in alarm condition 
to initiate an evacuation signal alarm output. This feature reduces the 
probability of false alarms. The CALMs provide ·an alert-output signal, 

· however, for one CADM in alarm condition.~ The signals from the CALMs go 
. through CARM. An evacuation signal output turns on an ASG, which gen.er-

. ates an audio signal that is. distributed to the alarm horns. This audio 
signal generates an HAH..;.QQ-GAH" sound, which-is the distinctive evacuation 
alarm· sound. Personnel hearing that sound are required to evacuate the 
building irrmediately. The CALMS, CARM,_ and ASG are packaged in NIM . 
modules which plug into a bin in the instrument cabinet. The alarm horns 

·· are located as shown in Figure 8-15. These horns are located in the 
·. portions of the building that require evacuation in event of ·criticality. 

The entire system -operates from a 24-:V storage battery that is kept 
charged continuously by a battery charger from 115-V,_ 60-Hz power. The 
battery and charger are located .alongside the instrument cabinet. 

The following alarm signals are annunciated at- the dispatcher's 
·office: 

• Evacuation signal (two or more CADMs in alarm condition) 

,, .Alert (single °CAOM in alarm condition) 

1. Failure 

• Loss of AC power and · battery charger f a.i 1 ure 

• :Inhibit (one 9r,more detectors·out of service for calibration or 
maintenance) •. : 

There are established procedures for action to· be taken whenever any 
of these sjgnals.occur. 

8.3.4.3 Criticality Dosimeter. The Hanford criticality dosimeter 
(Fig. 8-16) is used i.n the PUREX.' Pl~nt to measure the neutron dose and· 
spectral distribution from a criticality incident.(29) The ability to 
measure garrma dose is also provided by the use of lithium fluoride TLD in 

. addition t_o the criticality dosimeters. Figure 8-15 provides the location. 
of the dosimeters in the PUREX Pl ant~ • · 
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The neutron · dos·e estimation 1s' arrived at _by ac:tivation analysis of 
gold and indfom foil from the center of a· paraffin moderator in the dosi
meter. The uncertainty in the dose ·>estimate for both gamna and neutron is· 

- 151 of the typically expected dose. for a criticality incidentJ30) _-

Located o~tside ttie moderator are_ five -elements: 1ndium9 g·old, 
copper, sulfur, and cadmium which, when subjected to neutron radiation~ 

. become radioactive by ,various .. neutron-:induc:ed· processes·~-- Analysis of the 
induced · radioactivity of · the~ elements .resu 1 ts .. in -a; di vis ion· of- the· neutron.· 

_ spectrun,- into f-1-ve- energy groups~,;. Should'-'an accident occur, the. activa- -
t ion analysis wou·l d-_. be· p~rf armed: by· PNL. · . _ __ . . . · . --

' . 

The·-·criter·ia·for' placemen.t:of'the;ddsimeters· are found' i.n 
Reference 31.. - - - - - -

8 .. 3.4.4 • Ganma· Radiation Monitor. Large, .cylindrical,. a1r ionization 
chanbers, about 24 in. -long and 5 in. in _diameter are located in fixed 
positions- on _the walls of the PUREX Plant. The devices·,. also. known as 
radiation energy chanbers, provide. continuous radiat_ion- detection in_ work - · 
areas and_ are equipped with audible alarms that alert personnel to off _ 
nonnal conditions. : The· r_adfatfon, e.nergy .chanbers have bee_n- in operation· 
since the PUREX Plant started reprocessing_,fuel. in: 1956. The recorders 
· (necessary to record_ measurements) -and amp·lifiers have been replaced for 
all chambers. The radiation,energy.chamb~rs are-described in Reference 9. 

· Each chanber has: an amp·lifier· and a recorder. The., recorders are located 
in the dispatcher• s off ice. The chambers can be operated in three ranges: 

-3 ni{/hs 30 ~/h,-. and· 300 ~/h. For locations where v.irtually zero_ Jevels 
of radiation are; anticipated~. the· chamber settings:· are operated. on the 

· lowest possi b·le,··setting. The:. chanbers. are shown: in Figure 8-16. 

803 .. 4.5 _ .Record Air Sampler.:: Record air,- samplers are-connected. to the cen-: · 
- •· - tral vacuun systen. The flow through the filter paper is routinely checked. -

- by Radiation Monitoring-.(11) Jhe-filters. are c:har1ged weekly and sent to 
· the 222-S -labo,ratory. The filters are counted for total alpha and total 
_ beta radia.tion~ The ·results are documented' and logged in a computer data 
bank; these printouts are used for review.and evaluation. In addition to 
the record air samplers, ·there. are additional air· samplers· ttiat are 
routinely:counted.- · A 1T sanpl~ locat·1ons ·are shown in -Figures 8:-1 
through 8~9. - , - - -

8.4 ESTIMATED MAN-REM ,ONSITE. DOSE .. ASSESSMENT. 

The man~ren onsite dose assessment is based on past experience rather· 
. than on estimated _oc:cupancy factors and calculated radiation· levels. 
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:. . ... The.-projectea staffi~g when .PUREX bec.omes operatio-nal ·;s :detailed i:r/. ·.: ·• 
.... Chapter 10. o.. The fo n owi·ng :,sunmary .of that- data _wi 11 -•~e< used .for Qns ite .. · · • .... : .:: . 

aose .assessment. The radiation zones.· thes_e. perso,nn~l _wi l.:l: -be., rou'ti,neily ,:. ' . •· 
.· .· entering or occupyi ilg are. described in. Section 8.3. · · · · 

,'', ' ~! ·- " " ' .. 

_Pr.eduction Operation . 
Proces~ Engi~eering . 

· Maintenance . . _ 
-Laboratory.Personnel· 

··. Radiation Protection · 
· ~·Technologists · .·. 

.. a.4.2 ·_Dosimetry Data 

. ,, 166 .. 
. ·ss 
. 62 
65 

'38*" 

·,,'4J6 

. :' ' :.:: .-•: .... 

. __ ~:~::·_-;. · . ·· Exposure records for·Radiation Protection ·rechnologists {RPT)~':PlJJREXO' 

.. ~""? : '.Plant rad'iaticin ,workers (laboratory, operations, ·.and maintenance);'and ., 
, !::,;::: , · · Z p·1ant workers for the years 1967 through 1972 were obtained from ·p,fil[ :amt! 
, 6<: - _·. · Rockwell radiation records. The mean-·skin dose and the mean whole borly _. - _ 

··:.::··•·dose were calculated for each sample, .which includes both superv-isory and: ·' -/ 
,. ;_, :_., .. ·'working-personneL. Tables 8-8 and -8-9 'present the mean.,_·sk,in dose~ the,,::.,:·· :< ... 
:; ·. ,.:-'.,: range :of the :Skin· dose -{highest and ,lowest. value -in the :sample), the ~an : ':·:-· ,;. :>.: .. < , whole body dose,_ the range of the 'who·1e: ~ody dose '(highest ·and_ Jowest _value · · 

· ·;n the -sample)., the collE!ctive skin dose,- and the collective whole, body•: , · 
. :',< ):. i:<dose of the various samples. The tables··also'.include :the. ~tandard ·· ..... __ : .. 

' :_.·o deviation :of the mean for-the mean skin dose. and ttie mean whole· body·:dose.·:_·, .,:·,_,_ 
· . (All RPTs working in the-200 Areas are denoted with·suffix.6740.,TheRPis _:::-: ,_,. 

·:, ':- "; ; ' of· -PUREX .were:' not 'a 'separate 'group. and were often ··rotated to-: ottJer : ;:·, - ·:; ./: }; ' 
foc'ations.) ',.- -- _:, ,. ' ' 

·. ,' t Dos.imetry datafor personnel involved with' the· new :plutonium 'o,dde ' ':,:' ', 
, . :- . production faci l:ity are- expected to -be similar to -past data obtained fn,m <.· _ >, "", - ,,. --

_. · • similar operations at Z Plant •. The radi.ation records for 1967, · 1968~ - : .. ·_: :: .; _> :·.· · , 
·. \ and 1969 Hst chemical operators and power-operators at Z Plant under tltite· _ ··· · , · · 

.suff_ix· 6920. The exposure· ·records for 1969 through 1972 separate these ·two.,·---. 
. •': · groups,_ giVi ng suffix 6922- to .chemica_l operators: and .suffix 6923 to-power·. ; .. .. 

-.. i- operators. ·,Thfs_:breakdown of. the data shows that the che,nical'·oper~tars ... , · .: 
;· -_,: rec·eived the hign exposure. Table ·a-10 shows that the chemical operat0rs ··--.·, ,_ .· ' 

. .. received substantial neutron doses. The new gloveboxes to be installed· . - _,. · · · 
· ·.. wi 11 .be shje 1 d~d _to reduce the PUREX radiation_ \P#Orkers' :averag~ exposu~. ·: ..... :·: .· · ..... . 

· plutonium oxide· production faci-lity workers are not '-expected to receive·.- . <). ·: · :''<·:-:' 
· ·greater ·than o. 9 ;rem/yr, average dose.·.· - · · · . , :·, -

; .. · .. :. 

•·.'' ---. --*---------
--- · Includes• five Safety and Qua Hty ;Assurance Eng·ineers. 
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'. 
Loc1Uon 

... -

PUREX 
1na,1Ucal 
l1bor1tory 
subsection 
(silffb . 
612~r . 

,., 
·• 

Radhtlon • 
Monltcirtn9 . 
subsection 
(suffix · ·, 
6740) .. 

PUREX 
Operattons 
subsection 
(sufflk . 
6820) 

Maintenance 
subsection 
(suffb 
6850) 

YHr 

1967 
1968 
1969 

· 1970 

1971 

1972 

1967 

1968 
· 196!1 

,1970 

19.71 

· ,19~2 

1967 
1968 

1969 

1970 

1971 
1972 

NUllber·o, 
~~o,ees 

··40 . 46 
• ".!~• 

'" 

~-
45 

72 
53 

79. 

69 
69 
72 

.· 71. 

67 

109 
109 
108 
114 
103 
36 

· 1967 ,. : 56 

1968 55 · 
_ 1969. 53 

1970 58 
1971 78 

1972 63, 

o*• standard deviation o~ •ean. 

MHn skin 
dose • 0~ .. 
'(rei) 

1.21 ! 0.15 
. . . . 

1,'78 f 0.1~ 

0.78 !, 0.09 
2.10 -t 0.19 

' - ~" 

1.91 ! 0.17 
i.93 ! 0.13 

Ainge· 
of skin 

dose· 
. (riea) 

. 3.6 .; 0~ 1 · 
3.7 ° ·0.1 s;r ~- Q.1 
2.3.;, o.o 
8~8. - o.o 

. -2,9;. ·0.1 

·1.1-0.0·. 

4.7 .,. 0.1 
,• . . •, 

1.98 • 0;13 4.6'- o.o 
, .. - .... ,· .. 

1:t5.! 0.1,·• . J.8 - ~.o 
1.7~ !0,11 4;5 • O.J 
1.55 ! !),09,, 

_, _o.,1 !. o.o~ 
.1.02 ! 0,07 . 

o.~s .. i_o.06: 
0,55 ! o.os 
0.51 ! 0,04 
0.52 ! 0.06 

1.15!_0.16 

0;95 ! 0.IJ 
0.78 ! 0.11 

0.56 .! 0.09 

o.~31 !. 0.01 

1.00 .! 0.12 

3.5 ·":' 0.1 

. 5.3 - o.o, 
3.5 - ~-1 
3.1 - 0.() 

2.6 - o.o 
1.9,: o.o 

. l,2 ":' 0.1 

~-0 • o.o 
3.,6 - 0.1 
3.2 -o.o 
3.5 - 0.0 
2.4 - o.o 
2.4 D o.o 

Mean .. 
. 111tiole bodv · 
:dose + o• 
· · (rei) 

~-82 ! 0.08 
1·. !9 '!. 0.1.1 

0.86 ! 0.11 
0;40 !'0.04 
1.05 ! 0.09 
·l.10 ! o.~~ 
~ .01, ! 0:01 · 

. ~-99 ! o.o~ 
\,03 ! 0;'07 

0.90 !.0.06 
0.97 !. 0.06 
1.26 • 0,08 

' .-. ·, 

0,32 ! 0.02 
0.31 • 0.03 

0.24 ! o_.01 

0.23 .!. o.ilz 
'• 0.23 ! 0.02 

.o •. ]6 ! 0.04 

0.35 ! 0.04 

0.25 ! 0.03 
0.20 ! 0.03 

0.24 .!. 0.04 

0,42 .! 0,05 
0.73 .!.·0,01 

Range of 
who.le 

,body dose 
(rem) 

l.9-0.1 
2.7 - o.,o 
2.7 D o:o 
1:2 - ri.o 

,2.9 - p.o· 
2,6 - o.l 
2.6;. o.o 
2.0 • o.o · 
·2.s .; o.o, .. 
3.4.- o.o 
3.1 - o.o · 
2.9 - !).1 

1.4.-0 .• 0 
.1.0 - o.o· 
1.8 - o.o. 
1.3 .; o.o 
i.1 - o.o 
0.9 - o.o 
1 • .1' - o.o 
1.2 • o.o 
0.7 - o.o 
1.4 - o.o 
2.0 - o.o 

Co.llecUve 
skin do~e 
(aan-rea) 

48.3 

a(:~ 
69.3 
35.2 

m~~--
10., 
:•,':··· 

~~0.7 
133.5 

136.4. 
126.2 

_ 136,f 

·. 103.8 

·-

66.6 
. 111.1 
· 80,,9 

.•.•!", ,', 

62.4 

!18.9. 
';, 

18.8 

65.8 

5_2. ~ 
. ~).s. 

32.~ . 
~6.8 

2.3 - o.o. 62.~ 

Collect Ive 
· whole· • 
body'dose 
(11an-r'eill) 

3~.7 
5'4,9 
,l, f 

37.7 
lJ.8 
75.8 

,, 58.1 

79.9 
68,3 

71,1 

64,? ,,.~ 
84.4 ,. 
34.9 
34.-3 

25.6 

26 .• 1 

23.6 
U.1 
''. 

19.5 

13.9 
10.8 

13.8 
jz.s 
46.2 

'••· 
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TABLE a:..g. Dosimetry Oat·a Plutonium Processing Subsection for Employees wfth 

· Suff 1 xes 6920 1 . 6922, 6923. 
- . . -·· . •. ' . . ~ . ., . . . 

. Mean ski~ 
Range Mean Range of Collective Collective 

Year Suffix Number of dose + a of skin whole bod~ · whole 
skin dose whole 

employees ( reiii) dose dose + o body dose (man-rem) body dose 
(rem) ( rem) (rem) (man-rem) 

-
1967 6920 41 1.59 + 0.20 3.8 - 0.0 l. 34 i o. 17 3.0 - 0.0 65.2 5,1. 8 -
1968 6920 . 44 1.69 + 0.23 3.9 - 0.0 l. 36 t O. 18 3.2 - 0.0 74. 4 60.0 . -
l 969 · 6920 43 1.55 + 0.20 3.5 - 0.0 1 . 16 • 0. 16 2.7-' 0.0 6/i. 7 49.A -

692b 39 1.62 + 0,20 3.3 - 0.0 l. 38 + ·o.17 2.8 - 0.0 63.2 53.8 -
1970 6922 26 2.30 + 0.17 3.J-0.1 l. 95 + 0. 15 2.8 - 0.0 59.8 50.6 

6923 13 0.26 + 0.15 1.9 - 0.0 0.25 +. 0.14 l. 7 - 0.0 · 3.4 3. 2 .. -
692b 38 1.89 + 0.25 4.4-0.l 1.69.!_.0;23 · 4. 1 - o.r 71 :1 611_.l 

l 971 6922 24 2.75 + 0.25 4.4 - 0.3 2.45 + 0.22 4. l - 0.3 55;9 58.7 - -
· 6923 14 0.41 + 0,23 3.4 - .o. l' 0.38 + 0.21 3.1 -' 0. l 5.8 5.3 

692b 23 1.89 + 0.40 4.8-0.1 1.69 + 0.36 4.3 - 0.1 43.5 38.9 

1972 6922 · 11 3,52 f 0,45 4.8 - 0.2 3.12 + 0,40 4.3 - 0.2 38. 7 34. J 

. 6923 12 0.40 + 0, 19 2.4-0,1 o.3a ~ o.17 2.2 - ctl 4.8 ! 4.6 

a . 
o= standard deviation of me·an. . .. . b . . .. · . . . .. 
Average of employees with suff1><e!i 6922 an_d 692:L 

·i' 
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Year 

1970 

. SO~H.S-SAR-001· 
~.~v.'.. 3-

TABLE 8-1 O. 
. .. :'.'·" ', -:> ::.- ',; !' ,'~ . . ·..... . . . ~ ,· .. :.-~--- :;.i_•,. '' ; '\ 

Dosimetry Data :for Chemical Oper.ators in Z Plant. · 
.. 

Average -whole body . 
. dose . ( rem)" . 

Average· penetrating . 
.. · ganina dose ( rem) 

·Average neutron 
· dose ( rem) . 

1. 95 + 0.15 L,69 .! 0.12 0.,27 + 0o04 -· .·,.,, --. 
1971 · 2.45 + 0.22 1 ~ 94 .! o. 16· 0 0 50 .! . 0. 08 . 

1972 3-.12 ·+ 0.40/ L15+0.16 L97 + 0.25 
.. 

-·. 8.4::3 Estimated Mana:.Rem,Onsite. Dose.· for the· First ·Operating Year . ·. · 

The followin·g assunptions. ·are made for estimating the ·man-rem onsite 
dose for· the first year of operation. · · · · · 

. . . . . ' .. 

•· The· exposure data for the year 1969 are con:sider~ to be most. 
· repr_esentati ve-for the initial· startup year .. * 

.•. The<24 ·workers from· Production Operations are expected to be· 
. ass.igned ·to.·plutonium _o~id~ p~oduction. in N cell • 

'' 

• · The gloveboxes ·in .w:cell:will be ·shielded, and the plutonium 
• oxide line workers are not expected to receive a whole body dose 

• · in ·excess of o. 9 rem/yr.a 

·- ThePr.ocess Engineers'wi.lf not receiv~·:a significant w'hole .body.· 
dose s_ince they-work _in offices_._ · 

. Using these. assumptions~-, the-data presented-.-in-Table s.;;.11 was obtained. 

:· 8.5 HEALTH PHYSICS. PROGRAM:.,-. 

, 8.5.1. Organization 

The ·organization of--the.Health:Physics.Pr.ogram for .the PUREX Plant is . 
illustrated in:·Figure-8-17~ · Adi$cussion of:the responsibilities of.the 

· _ various components follows •. 

8.5. l. 1 Manager,~ Radiation Mon·itorin.g--PUREX Plant. The day-to-day .. 
·. radiation health and safety tasks in the PUREX Plant are supervised by 
. the day shift unit manager, plus the four· shift unit managers of Radiation 

· · Monitoring, PUREX Plant ... The minimum qualifications for these five . . . · .· 
·. positions. are an· engineering.a~. science degree ·or e.quivalent combination · ·. · 
. -of education and .experience plus five years of experience in radiation · 

monitoring. · · · 

. · -itRecords from 1969 ·reflect ·the use O, film· b~dges. Records· are 
. now based upon thermoluminescent dosimeters which are .more accurate in · 

. : reflecting·_ neutron doses~-:. . · · • · 

a~s9 

·,: .-~:. :,, 

' •• I 



Group: 

-':\Product.ion. · 
_Operation 

. . . . 
. P·luton-iun 
. mdde line 

Maintenance· 

.i•.:, .. <·Laboratory ... 
·: ... /~ ..... ·'. _>J)er.sonnel · 
· · .'i:::t ::.'.-·:. Radiation . 

'. <.ci.~ · · .. :Mon'itorfog . 
·.·:~-- ·.· ... ·. 

_·. :· ·•~--- c · ., ( Process ... _ . 
•·. ::.Engineering 

., .. ''.~~·--,:- ... 

'.,Ii;:!':'.-·:<:>. 'rot.al-•·. 

I• · 

•,': _;;• .. ·-. •.·''i',·: .•.. .-· . 

. · .. so~Hs-sAR~oo1 ·:_.·. . ,._ . ·. ·_.-,E·,, -· ·-,: . . . 
•\ 'J ..;; ·., 

. =-- . 

TAB LE a.;; l L : . . Es't imated Ma~-Ref,o·os_e' for_ ,1985 •. 

· · · Number of 
· emp·loyees . 

·. 14? 

24 ... · 

:. 62 · 

65 .·. 

·_38 

· ._4l6 ; 

Average· 
'i ndi vioua 1 . : 
skin dose· 

· ( rem) 

6.75 .. 

o. 90 .. 

,0.78 
. 1. 58--. ,. •' ·' 

l. 98 

A'ierag.e :: Collective . :'conec:ti've . 
individual skin-dose . whole -bo~:Y' · 
wnole ·. body _. _ :(man,.;.rem) _. •· · ·• ··:.dose -:,· · 
dos·e .{rem) · ... · .· ·. . -·. · ( man-rem) . 

.. ·0~24._ •. · .. 

·0.90'· 

: 0.20 
· :o· •. a6 _·: 

···.J~03 

-

· l 06.5. 

. ' ,• .. . 

· 21.6 . 

48.·1 
'. ·-

:1 Q2.7 · . 

75.2 

-. 

354~3 

. 21.0 · '.'' · .. · 

,' •' 

:-12~4. , ,,. 

,• •.:55 ·9·. · . :· ..• ·--<:::: ... 

... 39.l - '.'. .'., .. 
' ,, • I'•• 

. ~-· -~ .. " 

'.:·-.,,·-·t· ,, . 
:s~5."l.2 :- Radiat,~n Protection ,Tecrynolopfsts~· The_· n~ber ~of RPTi_ ~:PO:,tin_g . .' 

. ·to the. ~anager, Rad1 at1on Mon1torrng, .. UREX-- Plant, is .adjusted :per1ochcally 

. '·to-_ .reflect. the changes • in :plant· status~ ·:. When the P,UREX .Plant···is·H)perating,:;. '· ·,··' · 

,\. . 

. I / 32 R_PTs _will -report to that work _location~ ~ . - .,. · 
. ,. . . . . . ' .' . . . . ' . . 

. . . The RPTs will' work on-shift with at. le~st o~e RPT always prese~t ji, .the·_·.· > 
/.>;,.::,p1_ant-.. The RPTs have the fol iowi ng specific l'.'esponsibll j.ties: . · · · · ·· · · 

..... __ ·::: •. ii:-._·•· . 

• •• •• • • • • • ,· • - 4 • • • '.· •• 

• P~ovjde radiation ·monitoring s·ervices. . 
• • • • f _... • •• ' • 

·.-·•,'.· ,,, 

• . Perfonn a!'"ea,_ ·equipment,. personnel,·_ and.vis_-itor• cqntamin~tion··.· 
surveys -.. :· . · .. 

• • Docuinent every -radiation :monitoring service<perfonned--. 

· · e: '. Ass~re_ that radiation and air -inon.itoring, instruments arid systems · 
__ '. ,are functioning pr_operly. · ·· · · 
- , .. . ,- ~ ' - ' . ' -· ,_. •,' ·' . 

• _ Asst.irEf that controlled area·s .are properly p:osted .and ttla~·_proper 
__ :access restrictions are .d.isplayed_ 

. - ' · .. 

, . •· .Colle.ct air samples within' the plant 

e: .. Collect environmental radiation data around :the plant . 
. . . .' - . .· 

·•. Administer the.use_.of protective clothing and special protection 
equipment 

·. :S-60. 

. -:~ . . . 

.. ·--'I · - .. , ' ' 

. ~ . . : •.: 



00 
I 

°' __, 

RADIOLOGICAL 
ENGINEERING 
&EFFLUENT 
CONTROLS, 

WUTMANAGER 

'.,- .-
'. 

RADIOLOGICAL 
ENGINEERING 
&EFFLUENT · 
CONTROLS, 

IAST MANAGER 

PUREX COGNIZANT 
EN~iNHRS. 

(5) 

SAFETY & QUALITY 
ASSURANCE . 

DIRECTOR 

RADIOLOGICAL 
PROTECTION 

MANAGER · 

RADIATION 
PRO'HCTIC!IIM, 

WHTMANAGER 

l!lAD!A TION 
l?ROUCT!ON 

?ECHNOLOGISTS 

FIGURE 8-17. Health Physics Organization. 

RADIATION 
PROlECTION, 

EAST MANAGER 

PUREX UNIT 
RADIA VION 

PROTECTION, 
MANAGER 

PURIEXIUNIT 
RAllllDA'IJ'AOi;i, 

PROTlECll'!Olnl, 
5Hlfi MANAGIERS 

· PS84-3179-2 

'I' 

.CJa 
a 
• :c 

,u fA 
n, I 

: •:.! "' 
)II 

, •• :;Q 
. I 
0 
0 -



.' -· ·: ·. ·-

. . SO-HS.;SAR-001 
.. qEV 3·· 

;, ;;, : ''! :•', 

,' . 

. ' - ; ',-, 

,, 
. : ",;, ··~ .· 

• 'Enforce and report vj_olatio,:1s of. health~J)hy,ii,cs ':a~d. t.adi~l-ogfo:at_.:: 
· .. safety_ procedures:: ,,•J "'' • ' ' ; '; ', ' ' ' ' ,,', ,.· 

• . Respond .to e~rgencies that may have. radiologicaJ . implications~·> .. 

: '8.5~ l .~ Mana2er, Radiatio~ Monitoring.' Two ,managers· supervise all .~f ~.he 
,: .. radiation roon,tor,,ng acflv1tles of Rockwell:. Manager,. East Area, •Rad1at1on. 
. ·Monitoring and Manager; West Area ·Radi ati_on· Monitoring, which_ ·collec~iv~1i 

•· direct.·the· activities of a combined staff of about 132 ~PTs; · 7 .unit man-
agers, •4 .shlft managers, 1 health physicist, 5 training personnel, ·and• 

'l ana•lyst •. Minimum ·qualifications .for ·this position are. an engi'neE!r:ing or.· 
:s<;::ience•. degree~. 10 yr of experience iry radiation _prptectioi1~ and- ·2 yr_,:a~ a• 
-superv·isor,- in ra_diation protection. . .. - . 

· ... ·' The Unit_~anager, ·.Radiation Monitoring, PUREX Plant,·>reports to<the .. 

'
/_'._:~-~-~-: __ ;· .·· Manager,· East ·Area Radiation Monitoring. The followjng-are· the spectfic · · 

- ~esponlibilities of the Manager~ Radiation Monitoring:·· · · ·. · · 

''' ' J _··,•,• 
,· ', ' ., 
'•', ' {' 

· ci· 
..I. ' 

. . . . I . . . . . 
. 1.J• .. ,· •':P:· . -. . . . . . . ., .. 

·.·!e~~::J.·.· • -Admin.fater: the r-adi:a'tion,mb~itori_ng. program~ 'whkh includes .,.- ·, .•.r· 
:~~-· .. : ·. plant ,surven lance,: and di:rect 'the' activities· 'Of :the·- radiafion' .. ·:.•.'' ... ·:··: ./_Jl.-.:.i,,,". ' 

... ·""''\W,.. . mcinitor-ing superv.isors .:,, . 
. ·,5~·:· 

. ; . ~- . ·i :. implement a radiation protection program in ·accordance •with . 
criteria provided,. by. tne ~adiological.Engineeri'ng, organization. ,'' 

,The.radiation protection program includes air sampling.mon_itor..:' 
fng, contamination.-surveys~---personnel dosimetry,·and record·. 

'.maintenance _-· . ' ' ' -

·. · • p·rovide· health physi.cs: ·~eviews. of proposed. operationa-1 changes ·.· . 
and modifications· · 

. ,·; .,,•. 

·•• •. Prepare ra:d1 at ion· .work. Pl'.'OCedures '· ,· 

• ·. Assist in prep~ration of reports to Rcick~ell .· management anc(DOE.: . , 

. 8.5."1 .·4: Manager, Radiological .Engin~ering. Two -managers and their· staff 
of engineers/scientists provide radiological guidance for all operations 

< \·in'lhe' 200 :Areas.,. The manager-s and thei,r staff are- also ·.responsible for · -
,: :- . the· soluti'on of new radiation protect.ion pl'"oblems~ ·. 'Minimum qua_lifications · 
·.· :·fo.r.,these·positions are. an engineering or· science:degree:and ·10 yr of. . . 

·,; experience ·:.in related industries, with at least S·yr exper'ience in radio:.. ... ·:_: .. ••;•, 
.,109.ical ··engineering arid radiation protection.; · The Managers, :Radiological · 

Eng,neering have _-a .s~aff. of radiologi~al engineers who. audit. the c~nfor-
. mance of all· act, v1tJes .,n Rockwell with the standards documented rn · .. 

· '· ". 'Reference 12, which includes ALARA concepts of exposure control.· The. 
· .responsib_ii'ities are surrmarized··as follows: . · · · ·. .• · · .· · 

.·.•··Provide te.chn.ical bas~s, criteria,: and methods related. to health ... · 
· physics 

· · . • _:Provide radlologic.al• information· and special services to other: 
groups _in the coorpany 

'I'' ProVide .r~adiation worker:training 

.• 8-62 
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I Provide a cogni zant?~adiological enginee'r· f 0~ :'operating . 
facilities 

• ,Provide total-health physics support.• 

• Administer the personnel dosimetry program 

I,: Prepare reports. to Rockwe 11 management and DOE 
. . . . . . . . . . 

• Prov-ide necessary input. prior to _the approval to exceed routine 
.. personnel- exposure limits~·· · · 

• _ Esta1.tlish personnel bioassay and im vivo>count_fng schedules 

• · :Establish frequency in· s·aopling; :- · 
. . \ -· .. ,.. . ... 

. . .. 

• ·p~ovide health physics reviews of process and operational changes 
. '411d modifications. · . -

• Audit radiation practices,-for compliance with DOE operational 
requirements~, technical specifica_ttons, and Rockwell· ,criteria· 

·., Assist in emergency. planning _ 

1 Conduct formal incident :'inv·estigations 

•·· Develop new. radiation: protection -programs -or.change, exist'ing· 
prograns ·as part of the: general ALARA program~ · 

a~s.1 .. 5 Cognizant Radiological Engineer and Health Physicist. - The cogni- _ 
. zant radiological engineer reports to the Manager, Radiological Engineering. 
_· The mi ni111.1m qualifications for' this position are an engineering or sCience _ 

degree or _equivalent experience (-preferably a master• s or doctor of phi los
ophy) with 4 yr of experience_ (health. physicslo) radiation'protection, or 
related :fields) •. Responsi:b,ilities follow:· 

• .· Act -as- ·a member,,of the Emerg~ncy Response Team: for the- faci 1 itY 
· in case of .an .occurrence .···· .. : · · - · · · · , , . · · .. • · 

' ' 

·. • .. Provide complete. health physics support -to operations and program·. 
· ·management as .requfred'. 

• Fonnulate the ALARA program and ensure. it·s integration into the· 
everyday work_ situation .• · ·. . · · · . 

• Provide input -to-the Jac_il ity, Al.ARA_ team and ALARA program 

• ·coordinate with the· p~ogram· representati~e for the facility.· 

8.5.1.6 Manager, Radiological Protection~ .. .The Manager, Radio•logical -
Protection is responsible for the .administration of all the 200. Areas -
radiation safety· programs,. which include- heal th physics and radiation 

·. monitoring~ · Minimum quaU~ications for the Manager, Radiological· • · 

. \8-63. 



',•.·-. 

- '' -

-_:-- ._.SD~Hs~:sAR-·:001 . --
-·>.'; :-.~~v_·_·-~- ._· ,_·' ... •.•,\ •,. ..... ::. ,:< 1 I:' 

-~'. 
·., .... 

/~:: . /: .: .Prote~tiorr pos:fti on·. are. an .i~ng,i:neer'fng .:or: \~cierh::e)(deg·r~ .with:to .Yri :·· 
,.,.':· ·, e.x:per1ence· in nuclear engineering,·-nuc:l!:!ar safety, an'd/or -radiat-ion · 
· · · · •protect.ion.· . Four group managers report to ·the .Manager:; :RadfoJogicar 

.. ·:· .:-· prote:ctfon: . the East and trie ,West -~adiologicalt:Engi.neering ·Groups /and," 
_the.·East · and ·West ·Radi'atfon Protect-ion Groups,. ·. ·. ·. •._· . ·· · . . . • •. · 

. •· ,,. ~--s ~ l .? . Manager, Criticality· ·Engi neeri.ng and Aria lysi S., The.: Manager, .. · 
Cr:itica1~ty ,Engineering and An·a1ysis and -his. staff.of s:c·ientists an_d. 

:eng.ineers' provide information arid guidance necessary to maintain sa.fe: 
. condition·s in the 200 Areas, where· fissile material- has a-probabil_ity.. 

, · ·of ~ggr,egati.ng. This group .reports di r.ect ly to the Ma'riager/•'Safety.r 
1

· • ~r.:-, Integration; in the S&QA 'Function~ Minimum· qua·l ificatfons. for: this · 
· pos_ition are an engineering or science· d¢gree _and: 10 yr: of experience 

>; · :.:::, , in· .related industries with at- ,least 5 yr.· of experience ·in c;:ritic;:al:ity: . 
i'):~6/".:;/: .. engineering and .,r.adiation prbte·c-ti6n~. ·._ DefJnitJons' of-r:esp.ons,ibflit\es'· 

\ ! ; • f Q 

1 

low:• • Ana 1 yze new s;stems or C~pon!!nts .~d r'!!ana 1 yze old: Systeins or ··•. 
. ~•·· _ . _ ·• .. ·. compone_n_ts to_ meet- 'changing ra_diation • .. and p~iticanty~ ~q~itement~.- ,. 

• ·.·•Estaofi sh an·_overall program· for nuclear -criti.cal ity ·safety' 'that· · 
:·. will make the probab·ility._of a-c:riticalityaccident- extr!:!ffiely.' · 

.. ·unlikely 

• ' Define, 'interpret; and ma_nage the overall program :for:nucJear'. 
·. cr·iticality safety, including action to ensure ·unifonn applica-._ ·, 

tion, and prep·a,:-e, issue,.- and maintain tlie .nuclear· safe.ty' stand->,·:·'. 
· · ,, ards> Perfonn criticality ·analysis'-of :facilities and operations~ .. C 

· and prepare· criticality prevention specifications. · Conduct.: . : 
· ... _·•inspections of. the-: operating. and:technical organizations as to . 

. . -their adherence _to'..these,'.specifi'catlons. and o~h~r .~equirements 

.... -Provide· criticali.tY ·and .s~feti:trafoing. for 'persOnf'.l~linvol~ed. 
wittl •fissile Cmater'ial. · · · ·· 

· 8·. 5. l ._8 Director, Safety and Quality Assurance. · The :.Director/.S&QA, 
·,superv-ises and.•direc_ts .all Ro_ckwell safety p~ograms ·and reports.to. ~he·<:·:-,, 

•. :•Vice Presid~nt ·and ·General ·Manager •. ,· Min.imum qualificatio•ns. include ;]0 yr< 
· of· experience fo.· m.iclear engineering,. nuclear -safety,. an_d/or -he~lth and .. 

· .,: ;: ind.ustrial.'safety with a strong- regulatory background. .. . .. . 
~; ':/ • ;: • •:• • :, ,,< •it • ... ' I• I •. •. ·, • ' '••. > '., : \ •• • • ., ,, : ' , • • ., _ "'. • •,: •. • • •• • ( , '~ ' 

. . 

. <, ,8.;5~2. ·Eg.uipment~ Instrument~tion~· and· Facilities .. 
:· /• • '. • •· ', • • • '. ' ' • -~ , • ·., I ; /I• . _, 

8.5;2.l_: Portable Surveillan'ce Instruments.. Portable radiation monitor-fog .. 
· .. .-, - ~nd_surveyinginstruments,are.provid~ to-all.Hanford contractors~•:includ- · 

· ,ng, Rockwell,, from .a central.Hanford instrument ·pool operated·>for DOE. by . , 
. PNL·~ Tab.le.- 8_;12 1 ists the portable racli ation monitoring :equipment avail-
.•. able from the central pool. . The instruments are described .. in detail in 

... _··· . _References 10 •and 32.: Both. documel'lts are avaiJable to ~,PTs in the .. 
• ,.-· Radiation>Monitqring office. 

'I~ -,, • 
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TABLE 8-12~ Portable Ra,diatfon Detection and Measurement Instruments .• 

Type of Type of Radiation(s) 
instrument detector 

CP Air imi . chamber 
Extended Air ion chamber 
CP 
Bumble.Bee Air ion chamber 

Black Air ion chanber. • 
Widow 
HPC Thimble~type air 

ion chamber 
TPC Thimble-type air 

ion ch clfiber 
LPC Thimble-type air 

ion chamber 
Snoopy BF3 proportional 

counter sur-
rounded by. • 
moderator 

EGM. Gei ger-Mue 11 er 
Lund 11111 Geiger-Mueller 
model 177 · 
and 177-8 
PAM ZnS scintillator 
PAC-6 · Air proportional 
Weyco " Air proportional 
(Hanford 
Poppy) · 

aoisintegrations per minute. 
bcounts per minute. 

detected 

6'i)Y 

S,Y 

a,8,Y 

' a., 8, y 

Y-

y 

y 

Tl .. 

a,r 
8,Y. 

. 

_a ·-
(X 

CJ 

Instrument Accuracy range 

0-5 rad/h +10% to -5 
Q ... 5 rad/h ·• 

0-5 rad/ft 
0-5 x 10 dpma 

+10% to -5 

0-5 rad/§ +10% to -5 
0-5 X 10 '·dpm. 

0-10,000 R/h +10% to -5 
0-5 9 000· rad/h 
0-500 rad/h +Hl% to ~5 

0-50 rad/h +10% to ~5 

9-2,000 mrem/h +25 -

0-100,000 c/mb 
0-500,000 c/m 

0-100,000 c/m 
'' 

0-100,000.c/m 
0-500,000 c/m 

8.5.2.2 Laboratory Counting Equipment. All radioactive samples (air 
sanple filter paper and water samples) collected by Radiation Monitoring 
in the PUREX Plant are transported to the 222-S.counting room. T,his 
counting laboratory· is operated by Quality Assurance and does all the 
laboratory counting for Radiation Monitoring. The laboratory has two,. 
multichannel analyzers: one with an NaI (Tl) crystal and the other with a 
Ge(Li) detector, a 2-,r alpha-beta proportional counter, and an alpha 
spectrometer. · 
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-8~5J~.3' Semi:.Por-table· 'Air· S~plers •. · ·stat.ionery, ·'.airbprrie;,>r:adJoacti•/ity' . 
sainp.ling ·1nstrumentat10n has been aescribed 'in.Sect,ion 8 .• 3~4~:.Radiation .· · 

.:.::' ... Monitoring ·uses portable and semi-portable air samp.1ers. Beith ·units. pper
.. ate on a.c. line voltage, have a flow meter, and a·ccept a_.standard·47-mm· · . 
(Gelman) acropore f.i l ter. Portable• and semi port ab Te· air samplers are used .. ·· 

· to sampJe the afr·jn ."green houses Ii (plastic tents around contaminated: .. 
· working. areas) ·and areas where bu·ilding samplers .are not available •. 
: Proc;:eaures for h.andhng the· air samples and for working .the h1s'-ruments 

are 9etailed in Reference 10~ 

·8·~ 5. t~ 4 · Portable Exhausters·; Portable .,·,ooo ft3/~.i n 'exhaudters: used to 
ventilate·· greenhouses are al so. avai 1 able. These, p.ortable exhaus~ers .ton- ~ 

-.tain HEPA .. filters •that :are dioctyl phthalat¢. ,(00P) .tested and ·capable.~of: 
· · ... CAM hclO.kUPS~· . . . . 

:·~·;.~· :;-:.:a".s.·2.s ··Personnel Dosimetry Monitoring Instruments: •. Two 'dosimetry pro-
. ,.:::1:.. .<grams· ha.ve ·been es:tablished at ·Rockwell to monitor personnel exposure:· . 
.,: :~ •· · ··(-1) the major program uses TLD and .(2) _the supp:lemen·tary·program • enta:ils · ,,<~. · the use of gamma self-reading penci,l -dosimeters. · The use .and _wearing of .. 

· ~~ dosimeters are detai1eel in Reference 10. . · - · ·. ,_ 
:·.- ·JStqu~,:·::·· .. - . , . .· ~· , .' 

. ·.~;;:: .: . . . ··•·· Three types of TLD are. used by Roc:kwel l. personne f: the Hanfo•ri bas.ic: ·· 
· :· . · ,dosimeter,· the· Hanford mu ltipurpos~ dos.imeter.; ·and .. extremity; dosimeter; 

·•·.' ·· •. descri pti-ons • fo_l 1 ow. · .. 
. -: . ' . 

.. . The· bask dosimeter -is equipped with' a lithium fl1Joride chip:and 

.' ; ... ~ ... 

. is to be worn·.:only by those• ,per·sonnel' who. are not: radiation,." .. · , .··· .. :1,;· 

. workers. The badge is often·, referred to as an ·"annual badgeu ... 
··'because it .is normaHy processed .(read .out). :once a year to'.. · 
·· .. ·determine the ·accumulated .. dos·e •. The··TLD. ch;;p·:;s···affixed_.·;n··a· 

· -:plastic card that is 3 by 1.5 by 0.04jn.· The dosimeter-'an:d· .. 
· the security credenti.al are worn together in: a ·cie_ar plastic•· .. 

envelope, ·whfch is equipped with a metal fastener ·(clip), to,be; .· 
.worn •by employees •.. · . _. . . 

· .,: . ••. Hanford Multipurpose Dosimeter ... 

Thi.s ·dosimeter .is .worn by emp.loye~s: who. enter .posted r~<fiation :. 
careas.·. · It· is exchanged and processed m~:mthly or quarterly •. ·The . 

. dosimeter· consists of three parts: the· dosimeter ho.lder,· the · .. 
:dosimeter card, and the security credentfal. The ·holder is made> 
of . pl as tic •. '· It is ·designed to: hold· the dosimeter card, the ,. .. 

· Hanford security -credential,· and· appropriate filters (sMelds). 
for the TLD chips 'in the· do_simeter .card~ The holder. measures. 
3.2 by 1.8 by .0.24 in~ and weighs 22.5 g. The holder:'contains 
f.iye types of sh1elds,.one·of which is an.open·window·. . . 
( Table 8-·l 3). When ·the·· dosimeter ,card . is inserted into· the · '. · · . 
holder,. a snug friction fit is obtained and .each.JLD .chip is .. · 

. · centered between .the. appropriate· filter •.. · The dos.imeter .card has·. 
·, :the same dimension~ as the· Hanford basic dosimeter card, but .it 

holds·.five-TL0 ,chips instead .of one.· Chips l·and 2 ·~erve as.·a 
• ' + • ' • 
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two-element·, photon;;_b~ta dos i·meter. with the response of the 
2nd posit ion as the dose -due _to penetratfng radiation., · Chips 3 
and 4 are for the determination of neutron doses., .Chip 5 is for 

. the determi nation, of high energy photons e The cards are pro= 
· cessed, by United States Testing Company\! Inc. Records are kept· 

by .PNL and Rad.iological. Engineering 11 and .PNL maintains- a record· 
center of. an radiation exposures recehred by Hanford Site . 

··employees •. The securi·tY: credential is to be considered.a-part 
· of the·.total dosimeter unit and- fits the front of the card 

holder. · · · 

TABLE 8-13. · Ther.molum.i nescent. Dosimeter Fi'lter- System-~ 
· . Physical: Characteristics.•: · 

•. TLD; ; 

·orameter· · thickness Total ' 
Shield {mg/in2) between 

. ' (in.) (in.) shield 
,. 

" 

Open:·wi ndow· ·· .. :0 .• 37 o~o · 0 7-LIF .. 
:.3 

" Tefion TFE. tape; ·. · 2~0 ·1.,9 : .... X 10 

Cycolac 
. -··· r•• ••••••-• ,., 

X · 10'."2 . 
,· .· .a.so , 3.5 14.,4 7-LIF 

.•, 1o~2 ,. Alum.inun 2.5 26.,8 X. . . .. 
'. . .. .,,3 
,. My.lar . .. 2.,8 X 10,- Ll •'• ....... · .... , 

' ,-.i ,. ·, 

;. Teflon. Tff: tape 2.0 x .. 10~3 1.9 .' 

. ' 
.. 

.. 

" Cycolac >·· · o.so . . . -2 
.802 6~LIF .. .- .. ·/2.0 x· 10 .. : 

' Tin 4.0 1(f"2 11603 . ,. .. X 

.. Mylar 
.. .. 

2.8 X · 10..,J 1. l : 
.. 

·-3 
, 

Teflon. TFE tape ,, 2.0. x.10 1. 9 
.. 

,·, 

2.o·x.10·2 . ' Cycolac :;·. 

0.50. · a~t .6-LIF '·,, 
: 

10·2 .. 

Tin•. .. 
2.0 38~·1 X ·,· .•. 

10·2 
,. .Cadmium ·. 2.0 .. X 68.2 .. 

·, ,; ... ', 

10·3 . Mylar. ' 2.8 1. l .. .. X 

Teflon TFE tape •. 2.0 X 10..;3 1.9 
,, .. '··· 

10~2 Cycolac .. .. o.so 2.0 X 8~2 J;..LIF 
.. ,. 

10=2 -Tin 4~0 X ll6o3 

Myla~ 2.8 X 10-3 1. l 

Teflon.,TFE t~pe 
... 

2.0 
-3 lo9 •' ', ~ ; X 10 : 
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,. Extremity Dosimeter 

·For ·exposure evaluation of ,the extremities~,··TLDi.dosimeters \ 
cal led· "finger rings II are. in routine use~ In •:addition, ''.wrist· 
.Clos imeters. are available·· from· United Sta.tes Jestfn~(:company, · lnc. 
for isolated usage or ·special studies~. The finger ,.ring' is ·made < 

. •Of: plastic and. it tarries one,}~ lithium· fluoride '.TL0 chip. ·>.,The·.· . 
T:LD chip is also processed by.·united States Testing.Company,'.Jnc>: .. · 

. and records are kept ·by Radio.fogical · Engfoeering. . · · 

. Fo,r :the.' supplementary program~ self-reading: pencil dosj~eters: ·.· ·. 
·, 'are •often worri ·byRPTs ·and radiation _workers· along with~, 'hut': : :: 

· never instead ·of, 'the TLD •. :· The-t~O types of ,"pencils'~:-;n;common . , .. 
use at the PUREX. Plant are the· S;tephen, Ltd. ;of ,SJurry; England,·\·.,···,:._ ... ··•· 

. :and the gamma and X".'r.ay· Dosimeter ·883<of the.:oosimeter:,- : · ..•..... 
'·,corporation of America, Ciricfnnatf; Ohio. , Most ·pencils\hav«La · . 

.. "range of O_to 0.5 R.:High~rangependls.··{0 to l0R~:·o.·to. 50:.R,:-. 
··and.Oto 600 RJ .are also a,vailable~ ~11 radiation-monit·or,ing _': 
, .. offices ha\'e·,at. least_ one self~r·eading dosimeter charg.~r>, :.i 

.·~'· 
.. · .. :s..:.··~-.. --~---;._: .. _-' .. ,_·.,·.· . '.8.·5.~2.6-, Personnel Survey Instruments~ • Two semiportable ratemeters·are -· 

Q'.,,_ :< ·available at·.the·PUREX Plant for the monitoring'of..shoes and clQthing._-· · 
. . . . ,:Jhe:'Weyco-· i_s·:·a solid-state· r'ate meter· for: use with an air·proportional i • 

·•;',_./:_---.p-robe.·.:The· unit,.,known ·a.s, the•."Hanford_:,,Poppy" or;IIPoppy", is .a.c.:.or:.·· .. · 
· ,.·_: . '· _:· battery'pow~red ·and.maintained 'by the·.PUREX. Plant's :instrument- depar1:-.: 

. . . ment.·. The Ludl1.111 l77 and Ludlum 177-s·.a:re 'alsd a.c~ 'line-powered or. : :· 
. :. ,battery Jj'owered rate meters ·ror use :w,th ··a: Gei ger-Muel ierprobe. :\Both:·.. ·: · .. _ .· 

·. :_, '·.\. - units are placed at the exits from·r:adia'tion :areas .in ·-the :plant·.: .Cur- .. ·: ;· ;,: •··· 
·-' rently :there· are- 32 _Weycos. and, 30 ·Ludlums· in use at the. plant.· - . .. ' . , 
. . '.",• ' . . . . ' ' 

·.·· '··1· 
·•. 

.. • ' 

·,. Four, -hand counters for ·alpha::and' beta ·radiation' a~e located;near the ' : 
-. building ex'its or lunchrooms; the units allow a ,final check of personn~l ·· 

before leaving or eating. '. , · . . 
··,, ,' ·.•·,., ": 

' ., ~ ' , ·' . .~ . 
. ' 

·.·8.:5~2~7 . Instrument Stor~ge, :calibration, and Main'tenance. :.All pqrtable ·, .. 
·. surveillance ins trtJ11ents except· tt:ie .Weyco-typ·e personne 1 .survey meters· are . :_' 
·maintained,:and_repairedby the central:Hanford instru.ment·pool .af'.ld.cali-. ·· 

__ brated by .PNL. Calibration procedures· used by PNL are contained :-in , -· 

'·'· . . ,': ·, :: .. 

··,'.:'.,: ' 

.: Reference lO. · ·The· CP and Xc'P are.calibrated :to. a. standard.· radium gaR11Ja- :,. 
··ray sour.ce.,- The electronic package of the EGM~- PAC.:6 and· PAM::are·cali-. · 

_ brated with'an:._electronic pulse generator •. Jhe,.HPC, :L_PC~ and·TPC·are.: / 
.- ':, · calibrated to a. standard· radillll source and, l.5 MeV Van de Graaff accel->. 
< ·.· .:erator. The PAM ·.and :PAC-6 are check~· with a 230rh· source~ The:,probe ·: · .. 

·,,.:·.· is ·also:tested for light' leaks •'and for response ·to :beta or·:gamma··radia- : , 
tion. ; .Tt,ie Snoopy Js· calibrated to. -a plutoniuin-b.eryl l ium .neutronCsource~ .. · 
The- ins.truments are calibrated· on a ·frequency detennfned. by their type and·. 
use. :The CP are returned to· PNL for calibration every 3·wk,. 'EGM every .. 
5 wk, and the :other instruments as called for by the instrument calibra
tion p,:-ocedures. · Instrument exchanges ,take place -at· least once a week.··.· .... 

· The i nstrumerits are placed in an instrument exchange box for pickup and .
. _· deli very· by a courier. Radiation Monitoring leeps' an instrument log on 

. •·.-: ·. iOstrlJ'llents .. delivered.··and returned. · ·The exchange -program .is ·,.detai.led. in · 
' ,: ·· .· · Reference 1 0. · 
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· Area monito-rs, We~~o' ~~)~~;· instruments, ·a~itAM u'nits are checked by 
Instrument Maintenance and source. checked roonth ly by Radiation Monitoring. 
The check consists of a built. in operability test which verifies that th_e · 
equipment is working properly, and of.checking out, the detectors with cali
brated sources., The. source checks· are done monthlyo. A 11 alpha monitoring· 
devices have sources on the instrument and can be source checked before 

· · ·. any survey. Sources for checking-portable, beta monitoring equipment are 
· located near the entrances and exits of radiation areas. · 

'·. •!:'..JO ' 

When not in use, portable -radiation:~mon'i,toring i nstrumetits are .. kept_ 
· in an instrument .cabinet. in· the SWP. lobby •.. Portable airborne radioactive 

sanpling :instruments. and self•r-eading pencil dosimeters. are kept in th_e,. · 
.. Radiation Monitoring office. Manuals ana -data, logging books. are also kept 

in the Radiation Mon•!tor-ing- office.. . · 

. -. !g,··. :· : 8.5.2~8 Protective Clothing·~ Protective clothing, in use· at' the PUREX Plant-· 
~-. includes coverallssi coats, 1aboratory coats, head covers, shoe covers, . 

E?;::· boots, rubber overshoes, rubber gloves, anci plastic suits •. · Clothing is 
· it'"~· readily av an able in the four SWP: rooms ... Clothing. is decontaminated; 

k-"7 · cleaned,. and sanitized by the Protective Equipment Decontamination. -:i · ···•· _Department_ located. in t:he 200· W~st ·~~,~-~, .• 

._;_..-·::•• .. 
(·.: ' ... 

- . .. ' , .· ' -

8.5.2. 9 Health· Physic•s Facility~ : The heal th ,Physics ·faci 1 ity consists of · · . 
the Radiation Monitoring and Radiological Engineering off.ices,,. the. SWP ~oom · 
and associated locker rooms, the showers, and .the three persc;>nnel decon--

.. tamination roans •. The Radiation Monitoring offiee· is adjacent to the SWP 
· · lobby. If serves. as a.·focal · point for all RPTs. in. the PUREX· Plant .. · The· . 

Radiological Engineering office is located in building M0-405., The loca-
tion of the other facilities is shown in Figure 8-1.- · 

8.5.2~10 Reseiratory Protection Equipment •. Supplies of the following 
types of resp1ratory.·protect10,:1 equipment are provided within the• plant 
as required· 1n- Reference l2. · 

- ':;· 

' ' . ,. - . . . . . ' 

• Full-Face Mask Mechanical: Filter Respirators 

. These devices. are used in: routine maintenance. and--operation . 
. tasks. · Although the: majority· of the ful l-~f ace -masks· are stored 
in the.SWP rooms, individual units. are available throughout. the 

.·, plant at .locations. of potential need. The filters on these 
. masks· are. tested by the Hanford Environmental Health Foundation .· . 
. (HEHF) upon initial receipt -and· are checked. again whenever the · 

. · mask is sent to .the mask-cleaning station· operated. by Rockwell 
·;n the 200 West _Area. . .. · ·. . · · · .... · . · · ,· 

• Full-Face Mask cbns'tant-F-io~~Supplied Respirators 

. These units are ·10 areas where .there is substantial contam-
. inati.on and where the full-face mask mechanical. resp.irator is 
deemed inadequate •. ,A central _breathing, air distribution system 

•'· F < ·.', ,-, 't .'.' . 
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.. : is provided ;throu·gnout -the- plant for:-·these .. respirators ·(s_ee · ,, 
·Sect ton "5. 4. 3.-1 for detai 1 s). Qui ck~di'sco·nnect out lets. are·· -

·-, 'strategically located in all areas (E!XCept ·crean areas). The. 
-associated compressor and other .system components meet appro-

- - pr-iate -industrial standards.( 33) . The ·compressor is serv.iced · 
.·by normal and standby electrical'p·ower. - . .... ,, 

-~ 

' . ' •. 's·e, T-contai ned .Breathing· App'a~~tu"s ·_ ( t'rade na:ne '.Scott. Pack)·: 

·· Eight units are·contained in lockers in a corr-idor between the _ 
P&O :gallery_ and the men's locker room, two are contained in the 

,,._\. 

.. ·-· ' . 

lab curridor, and_ two -outside---the· headend control room. 'The•-_ '; -. -
·un.its are.used in accident cond1tions·or in areas where-the·-.--_:,. 
full-face mask, constant-f low~supP, lied -respirator cannot be used.<.: ---- --
- - . . .. '' . .· .. . ... ,, . 

•, ,,\a<· __ ', ---, ' .Respiratory protection equipment' decontam,nation, c-leariing, _saniti~-i:ng,-.-_.· 
·.\~;/ • :arid repair are- performed by the Protect-i ve Equipment· Decontamination·· .. 

_-_ __,,,, o:.-De_partment in t_he 200 West Area. · · · ,,_ 
--~"'-· 
.---~-- ._· • .. - .. A_mask_-fit° test.facility for ·determi~ing· an:-individual 1 s•mask>·size;is . ."_,;·'. 

· :_ ~~- .·.::_~provided in the-respiratory protection equlpment care,-facility of 'HEHF·amf _, 
~ :·:' - fn,:the 200 Ii.Jest. Area. : All personnel __ are required to have a val id mastcfit : _-: 
~f--. · > _., pr,ior. -to use of any respirators. Personnel;must_ · a 1 so at_tend · the ~espira1:or-·\ , 

_, __ , .. ,~·--·Trainfng Course every 2 yr.-_- -
: ;: ,. ~ ,_: - .-

· -· ,_ .. ~-5~-2~·-11-•- R:adfation Monitorfog/Per:sonrrel -Decontamination s·tations. The~e 
-_ ,, ,. --: . ,; are :three. rad·tation monitor.i_ng/personnel ,-decontamination (RM./PD) stations 

.-in the PUREX Plant: · one .s_tation: is .located: close ·to-:the west-end SWP -- · : · __ 

·,'; . ,-
. ',.' 

~ . ' . ' _, 

: .-->lobby, another :·;s · r:iext to_ the: east change r_oQIII, and the third ·;s_ in the -_-- -- : - -·:: \!'' > , _ 
;·,·1aboratory. -All three stations are equipped and supplied ·.in accor_dance. _-: 
· •, .with the:,,requirements of .,Reference- lo to provide.--initfal · skin decontamina

-,- . ':tion- Services.-· For ex·aniple, the west~end _station (CODlllOnly,referred to as -
-- ~·. ·. -the -11 PD room".) ·has a shower, sinks,· nasal irrigaton equipment, ·and all :the 
·. necessary supplies ,for skin decontamination •. A new,smear counter and 

.,· _._ mu_l tichannel ana:lyzer for,· the detect_iO'!- of alpha and ~eta radiation will ,be 
· · ·:·:: -located i.ri the Radiation Monitortng. office~ 

. :· . .. . . . •, ··.' 

''. :>: 8~5~3 - Pro·cedures 

: -·:: ·a. 5. 3·. t .. Method 2 Frequencies,: ~nd->Procedures for Co~ducti ~g Radiation ·.- . ·, , :.: , ___ . 
, - Surve,:s· "(he. standards for conducting radiation surveys- at-Rockwell .are :,- .- -: ·· 

,."detai ed in Reference 12, while the methods·and·procedures:·used by . ,-- · · 
.- --.: Radiation Monitorfng for implementing the standards are detai-led in ~ · · . 

Reference ,lO~ Reference .lo describes the steps to·:be ,taken, the instrument _-
. - •c to--be .used,- the 'documents to be filled out, and the purpose· of the follow-. 

ing surveys: -contamination surveys, personnel contamination -surveys,_ 
;.' routi_ne control progran, and air sampling. Tne manual cootai ns i nustra- -
· tions ,and. descriptions of the-radiation survey forms and -records used at · 

· -- _ .Rockwe_ll. Routine.contr.ol-_ programs. for :the PUREX _P:lant are further. - ,_ 
· -,: detailed_ in a log ·book kept· in the R.adiation Monitoring office. ·tfiese 
:: :' -,Jonns ,contain• information on the -area· to be surveyed,: the frequency of _·•-

-. ' \ 
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. the Sijrvey, · the steps to be taken, . the. measurements· to be performed, and . 
the amount of doc:umentation l'lecessary. Cu.rrently, the log book for routine 
central procedures lists 16· weekly proced&Bresi 1J·month1y procedures, 
11 quarterly proceaures, and 9 a1rmual proced@n·es., A chart desc:rib.ing 

. SO daily· routine control pro~ec1Yf"t$ 15 ... kept separate1yi, · 

. . Heal th physics proceaures, detailed: 'in Reference 11. are used by 
Radiological Engineering for speitial and Fcmtine tasks.. Health physics 
procedures .for audits. and inspect;ons · ctS$1Jre compliance with radiological 

. contrQls, R~P. and ALARA -practices •.. HeaJth physics'.· procedures developeQ 
· .. _. specifically for the ALARA:,programias_sures.:that:each radiatio.n -job· is · 

performed using; ALARA practices~ 

8.5.3. 2 Physical and· Admi ni'strati·ve Measures for Contra 11 i ng Access and 
.· ~:. Stay Time for Radiation Areas •. Physical. and. administrative measur~s 

9?· . · · (descr16ea 1n deta1 I 1n Reference 12) have been developed to control the 
9 following radiological areas (Fig. 8-10 presents radiation areas in the · 

.. ·_ -~\\" · plant) .. · . 
. --~ . ·'· 

., .' .•·it-,J 
·. ~""'-

. . ;_ : ~:- . 
,, 

. •, ' -· 
:,,:· .·, ·'· _: 

. .. 

• Radiation Area. 

· An area where an individuai could receive an exposure between 
·1 and 100 mrem in any -l h. · 

·•:,Radiation Area~Surface ·contamination · 

· An area in which th~ surface. contamination may exceed 200 dis
integrations/min/100 cm2 (20 counts/min/100 cm2) for alpha 
radiation and 2,000 dhintigrat-iofis/min/100 cm2 
(~O· counts/min/100 an2)' for bet.a..;g~ radiation~. 

• Radiation.Area~-Airborne Radioactivity_ 

. An area where. radioactivei· ai'r. concentrations exist which~ if · 
· aver>aged over a normal \IIOrk .week,· would exceed 25% ·of the con---__ 

· centrations specified in Table I of Reference 3. i 

· • · High Radiation Area: 

· An area where an fndiv.idual cou·l~:f recef ve· an- exposure· in exces~ 
· of 100 mrem (but less than 5 rem) in any, 1 h. : . . - . . 

• Radioactive Material Area 

. ·An area or enclosure where. radioactive material is present. in. a 
· fonn such that no protective clothing is required. 

• Restricted Access Area 

An area that.requires special safety prevention when entering an 
area where an individual could recei've in• excess. of 5 rem/h • 
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The ·.boundaries <of the. ~bove .radiation .areas~ -if •not a permanent:" w~fi°: ;. 
- or fence, are clearly :indicated by rope or chai-n. Unattended High· Radia- -. 

tion and Restricted Access Areas have boundaries which '.limit tbe- entry .·of> 
personnel, except at the planned entrance which is- ·locked·- or guarded ,at' an 

- -times (the· doors are locked to entry, but ·not to exit_, to-prevent an .. - <). 
individual from being·_locked inside these areas).· The locked _areas'are - .·. 

, controlled by -the dispatcher, who logs all personnel: entry and activates·:. -
the electrically locked ·doors. Radiation areas can ·only be entered when_ , _ 

. accompanied by an RPT, except when entering personnel have been qualified -"; . _ ·.Jn advance :to carry .out self-survey and self-monitoring ·as described-in ·'··. · 
· -Reference 13. · · · · · 

. . ' . . 

. . : Administrative measures ··for controlling -.access and stay time' -for the< . . 
· radiation areas described above· are· performed :by posting and procedures.· · ;'< ·. '. 
-'.:Ra(liation. areas are marked. with· si_gns indicating the radia~ion coriditiofl .. -· .. ', ·: ... ~- '· 
:·stated above. -Radiation S.}fllbols used 9n the sig11s .confo.nn with the·: · .. ' . , : _:' .

. _. American National Standards Institute.{34) Radiation work procedures and_:' . --
:' ;~;. ·. ' - , operating ·procedures '( in compliance with :References 3, · 10,· ll; and.13). 
-~~~: ._, .describe in detail the monitoring procedures-that must be followed upon•,-.'. 

-.. .,,,~-· · · eriteri_ng the area, the radiological conditions of the area,_ and the pro-· . 
-'--:_~,>·_: - ,~ec_ti.ve apparel that must be worn :upon entering the area. -· · 

- • • • • • • • ' • ' I • ~ ' •. • • • ' • 

.-·_, > ''.,_· -·: 

. ~' . Outdoor. sjtes: surrounding the pla~t .also follow 'the''p~sicaf and 
,.;administrative requirement- stated _above -to'control· _access and ·stay time-~iTi 

. _ radiation. areas •. The ·following sites are identified with appr,opriate -· " 
, : .: posti 1195 ·and-barriers: · · · · · · 

· .. - . _, .· / ,·' 
• Undergroimd radi~active:,waste: storag~ tanics: and diversion.boxes.· 

:•,' ~. ' ,~ '·. ·. , . 

• Burial trenches, cribs,_ and_po~ds' -, 

' ' ' 

•: Undergro~nd pipelines· 
. \-

.. :~ ~ . -

·· •· ·Permanent,_ stabilized. burial plots 
.. ·:.· •'• .-

-• Roads _and other paved_ areas covering ·r~dioacti.ve cont~nation. 1:. -
. ' . . . . ' .· - ' , ·· .. 

: ,:\~: ;: .·, ·:·<S.5!3_.3- Bases .and Methods for Monitoring a~d- Controlling Personnel~ . _ _ ., 
· · ·, · · -·:>' _·Egu,pment 2 and Surl'ace Contam1nabon. _ -.standards for ·contro1H.ng personnel,: . .- -· 

· ,; ,.equipment,··and surface contaminations _are spelled out 'in Reference 12. _ ;,· 
.-, :Jhe.specific procedures and the· instruments used by Radiation Monitoring 
· for. controlling personnel~ equipment, ·and· surface contamination are · . 

: >described ·in Reference 1 O.· · Smearable ·-.or "removable" -contamination is not· 
, : ·s-ignif-icant if the amount· of contamination. which can be ·removed by wiping .a > suri,ac:e w.ith an absorbent material,- as measured· on .the wip.ing il'laterial ,. i's 

_ . -,· less- than 200 disintegrations/min/100,,cm2 for beta-ganma· radiation and . 
: , ·20 disintegrations/min/100 cm2 for- alpha radiation. -The surveyi_ng for· · 

. · .·,-contamination is the-responsibility of Radiation Monitoring. When a· 
··: · cc:mtaminated area has been identifi'ed, ·Radiation Monitoring must ·post- the ·· 

. _·area, set .up a survey station (step-off pads),· and must· set up a schedule-· 

. -~ . ·: . 

- for routine ·.surveys ·until -the area · has _ been decontaminated~ _ Protective · <~ cJoth,ingmust .·be ,,worn 'when entering a contaminated area~ . -Entry .into - . ' ~ , · .. ' ·. :. -: . . :· 
. . , . ,_. :~ . 

>s~12 , - ... __ -_ ... ::. 
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surface contamination areas· in which the removable contamination 
level exceeds 40~000 disintegrations/min/100 cm2 alpha or 
400,000 disintegrations/min/ 100 cmZ beta-gamma fs allowed only for 
surveillance.or decontamination when 1;11earing appropriate clothing and/or 
Msks. The Manager, R~d1o1og1ca1 Protection may approv~ an exception 
o.nly as delineated in Reference 12. 

· 8.,5.J.4 Radiation Protection· Training Proaram •. The ·description of the· 
· radiation protection training program forockwell employees is co~tained 

_ in Referenc~ 12. All new employees •are given a:- radiological orientation 
·· . that has .:the f ollow'lng objectives: 

e; Recognize-and know: the ·mean-ing:,of.'radiation,;zwarnfog signs-:. and . 
emergency signals 

• · Contact Radiation Monitoring when confronted with radiological · 
problens and questions 

• Understand that as long as radiological control .procedures and. 

·~~:·,:., 
limits are f o 11 owed, harmfu 1 effects on personne 1 or cm . the : 
environment from radioacti.v1ty .at Hanford will be minimized •. 

. ~· 

All female employees are given. instructions on the possible risks to 
. children of women. who are exposed to radiatioa· during pregnancy •. The -
. instruction is both oral -and: written, and tlie fndiv1dua·l is required· to. 

acknowledg·e that the instructions have been received •. · 

. . . ·~ .. ·~~ '. 

' . 

. Radiation workers. receive training· that cov.ers ·the following subjects:, 

• The reason for.minimizing exposure and the methods· an individual 
may use to maintain :exposure ALARA 

e Th~ requirements for·entry·into aposied radiological area,or-·an - · 
area wtich is barricaded- due to its potential radiological hazard ·· 

• · The limits for whole body-penetrating radiation 

• The significance of· •stay time• .· 

· • The seriousness of violating instructions on radiation warning · 
· signs and unauthorized pas·sage through barricades 

• · The potential sources of rad.iatfon associated with work· per"."· 
fanned by the individual's trade 

I 

•• The location where personal and supplementary dosimeters. should 
be placed on an individual's body · 

• The biological ·risks of radiation exposure to the unborn child 

• The methods by whh:h .contamination is controlled during work. with·.·· · 
. radioactive .materi a 1 s . 
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·•. The methods for prev·enting contamination of.personnel:and.ho.w·:· 
contamination is detect~d on personnel ·· · · 

1 What radioactive contamination is, and how ·it is removecf f~om 
· items and .personnel .· 

• The procedures for transferring material from contamiriatecf a~as: · · 

• . How individual workers can reduce the amount of radioactive 
. liquid·and·solid ·waste.generated during.routine.work.· 

• The need for consulting. Radiation Moni-toring personne.1 when . 
: confronted with. radiological· problems or questions• . ·:. 

' " ., 

e The procedures to_. be fol lo~ed ,after a sp.ill of ·material JHqu\io: 
· or sol id)· which is, or may be, r:adioacti ve . . · · •·· . · .:. · ··· · . 

·•.The procedure to be followed when.notified that airborne:r:a:djt>~.:_. 
activity is above the limits · 

. . . . 

• . The action to be taken ;·f ·an· individual discovers his penctl 
dosimeter. is off.-_scale · 

• The need for acc.urate exposure. records .and other radi9lo9lcal 
safety records. · . . .. · ·. . · . . . _ 

a. The controversy over the. ef:f ects of· low;_;level exposure :to.· . 
· . radiation. 

. . An additional .requirement .for· becoming a radiation worker is th~· 
· - . _, _.· .demonstration of the fallowing practical factors to the satisfaction .of ·a 

' . . . ~ .: l. { 

. _i: .:, 

,, .. ·'.J 

..... · designated instructor: , .. . ', . :·· \ ... ,_. .... 

· • The ability to read the .c0111110nly·used: self-reading dosimeters· 

.. ~ .. The proper procedure ,for putting on and removing protective 
clothing and respira~ory protection devices · 

• The proper procedures ,for· entering and. leav·ing· a contaminated 
· area~ including the proper self-su~ey technique. · · · · 

8~5.3.5 Methods and Procedures for.Pers.onnel Monitoring for Nonnaf .. 
, Opera ti ens and Criticality Ace i dent. Genera 1 Rockwe 11 . policies for .. · . . 

·:·,·,.mon1tor1ng personnel are contained in Reference l, while the methods· and ·. ··.•· 
· procedures are described in Reference 13. The Hanford multipurpose.TLD and.· 

: .the Hanford basic TLD are the principal · devices ·tor measuring personnel . · 
radiation exposures. -All .expQsures indicated -by a multipurpose TLD are 
assumed to have been received by :th_e individual unless it is ·demonstrate,L , 
that the readings are erroneous. If a dosimeter is lost or if•. it is proven 

: ·•• · · that the· exposures are erroneous,.· an estimate· -of the. dose received by the · 
··.·-.·individual during. the period in ·question is made by .Radiological · ·· .·. ·. 

: Engineering. Extremity dosimeters are required -in situations where the · 
-• dose rates to· the hand-exceed fiv~ times the whole body dose rates or. where · , :·: .• · ~ ·.: 

-8-74 
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the anticipated monthly dose could exceed l rem.. The exposures as measured 
by the 111Jltipurpose and basic dosimeters are the bases of the legal record 
of an employee's exposures. Any deliberate a~tion by an employee which .. 
invalidates the dosimetry measurements is cause for disciplinary action. 
Records are kept by Radiological Engineering and by PNL. I 
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Any· ,ndi vidual requiring access to a posted radiological area who is 
:not qualified as a radi1tiofi worker must be esco~ted by a qualified -
rad.iation worker while 1n the posted radiological area. Also, unqual ffied~. 
individuals are not permitted to handle, _process, or work with radioactive

. materials. Visitors requiring .entries to,-posted radiological :areas·:_ are 
·. issued temporary multipurpose·.dosimeters-·and are escorted by qualifled 

p_ersonnel equipped with portable_ survey fnstruments: if'· necessary. . _ 
Employees are restricted fran further work in radiation areas if it is 
determined that the employee has or will receive ·a radiation dose, either 
external or internal, in excess·_ of the standards in Reference 2. The 
restriction can only be lifted by the Manager, Radiolo~ical Protection. 

An employee who h~~ exceeded the Rockwell .controls shown in Table 8-1 
·. will not be pennitted to work in. a radiation area unless approved by the 

Manager, Radiological Protection. _· If approval is made, the work· of the 
employee is .limit"ed such that additional exposure for the appropriate 
period is· as la.,, as practical and does not· exceed the limits of 
Reference 3. An employee's work in a radiation area is limited if he has 
an internal deposition that has or will deliver a dose to a critical organ 
in excess of 50% of the applicable standard of Reference 3. The work of 
tne •loyee is limited. such that .additional exposur'e for the appropriate 
period is as low as practical and- does. not exceed the limits of Reference 3. 

Female employe~ who are radiation- workers and are pregnant or plan to 
• ·,,. · become pregnant have several Qptions, all of which· are designed to keep the 

dose to the fetus during ttle gestation_.period to less than 0 .. 5 rem .. (13J 

Methods and procedures f~r .mon1tc>r1rig. criticality aee1dents are · 
described in Reference 21. Dose estimates are based on the personnel 

· dosimeter, the fixed station dosimeter, analysis of biological sanples, and 
· •quick sort• techniques. . .. - _ _· ._. . ·._ - - . , 

· 8.5.3.6 Criteria for Perfonning Whole Body Counting and Bioassay. 
Radiological Engineering is responsible for maintaining the 1nternal 

- dosimetry program. Bioassays in case: of accidents will be specified by. 
. the Radiological Engineering Manager. The standards are contained in . 
. Reference 13, but·because Radiation Monitors are often involved, the program 
. is described in detail in Reference 10. - The progrc111 for bioassay dose 
measurement is mainly based on urinalysis; feces and/or blood samples are 

.· analyzed as necessary. A whole-body ,monitoring faci 1 ity is operated by PNL 
for all Hanford contractors at HEliF. Employees who are defined as . radiation 

s~1s· 
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workers and who work- with radioactive material. are scheduled for a bioassay/ 
i_n vivo evaluation at least once every year~ An employee is placed -bn a 
more frequent program if Radiologic~l Engineering deems it necessary. 
Counting of bioassays is done by United States. T~sting Company;· Inc. · 

Rules for bioassays in case of accidents follow.(11) 

• Immediate contact with the appropriate HEHF physician is required 
in order to consider inmediate medical action for contamination 
which exceeds the following levels: 

·_ Contamination 

Facial 

Nasal 

Wound {in or around 
skin break) . 

Disintegrations/min 

40,000, .Pu 

-10,000, Pu 

· 2,000, Pu 
( 40,000, bet a-ga1111Ja) 

• An in vivo count and a urinalysis shall be required for each 
individual with nasal or mouth smears which exceed 100 disinte
grations/min alpha or 500 disintegrations/min beta-ganma. 

• An in vivo count and a urinalysis shall be required for each 
individual with any detectable radioactivity on nasal or mouth 
smears if the individual has either: ( 1) facial contamination 
exceeding 2,000 disintegrations/min alpha or 10,000 disintegra
tions/min beta-ganma or (2) skin or clothing contamination_ 
exceeding 40,000 disintegrations/min alpha or 200,000 disinte
grations /mi n bet a-g anma. 

• An in vivo count and a urinalysis shall be required for each 
individual with facial contamination exceeding 4,000 disinte
grations/min alpha or 20,000 disintegrations/min beta-ganma. 

When an internal deposition is detected~ Radiological Engineering 
detennines the dose conmitment-of the individual and Radiological Protection 
personnel determine if medical assistance is required frCIII HEHF. 

8.5.3.7 Evaluation and Control of Potential Airborne Radioactivity Concen
tration. The standards for dealing with airborne radioactivity are detailed 
rn Reference 12. Continuous mnitoring and sampling for airborne particu
late radioactivity is required in areas where personnel have a high poten
tial for exposure to airborne ·activity due to radiological .conditions of 

. the area or specific operations being conducted in the area. Radiological 
Engineering detennines the need for continuous air monitoring. All CAM air 
monitors must have visual and audible alarms. 
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Resp;ratory protect;on equipment ;s required in the following circum~ 
stances (detailed discussion 1s in Reference 12): 

• When airborne radioactivity concentrations exceed the- limits 
specified in Tables 8-14 and a ... 1§ or when, in the judgment of 
Radiation Monitoringp cond1t1ofi$ aFe such that the limits in these 

. tables may be exceeded 

•· When uncontained, loose,contamination on surfaces readily acces
. sible. to personnel· exceeds 2,00() disintegrations/min/100 cm2. 

alpha or 20,000-di:sintegrations/mfn/100 cm2 beta--ganma. activity 

· e: · During operations on· contaminated surfaces which .. may cause or have 
been known to cause airborne radioactivity such: as grinding,. 
welding and flame-cutting~ steam-cleaning, sandblasting, or. burni.ng · 

. • ·when an- individual is ·exposed to drborne, radioacticity_ in con
centrations which, -if averaged over a· -normal work week, would · 

·exceed. 251 of the limit's· in Table 8-15 [integrated exposure of 
10 maximun permissible coric:entration (MPC) h in a 7-d period] 

• In any area. posted as an. airborne radioactivity area 

• . During operation where· a potential of- airborne radioactivity is 
present. 

. . . 

.· TABLE 8~14 •. Guide. Limits for. 
Field Conditions 

T~e of.. , .... 
radioactivity· 

Alpha emitters 

Beta-g 1111111" emitters . 

· _Concentr!t1on guide. 
b,Ct/an of air) . 

·a-n·· 

2 X. 10., 12 . 

· 1 X 10_g 
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TABLE 8-15. Respiratory Protection Devices Required for. 
Given Concentrations of Airborne Radioactivity~ 

Type of 
radioactivity 

Pu 

FP 

I 

Noble gas 

Type of respiratory 
protection device required 

None required 
. Full-face respirator 

(filtered) 
Powered Air·Purifying 
Respirator (PAPR) · 

. Supplied air respirator 

None required 
Full-face respirator 
(filtered) 
PAPR 
Supplied air respirator 

None required 
Full-face respirator 
(charcoal filtered) 
Supplied air•respirator 

Controls to be specified 
by Radiological 
Engineering 

8.6 PROJECTED MAN-REM OFFSITE DOSE _ASSESSMENT 

. Concentration3guide 
1 imit in µCi/cm of .air 

Up to 2 X 10-12 : 
2 x ,o-12 to 1 x ,o-10 

1 x 10-10 to l x ,o-9 

Greater than l x· 10-9 

Up to l x ,o-9 . 
l x ,o-9 to s x 10-8 

s x ,o-8 to 2 x ,o-7 

Greater than 2 x ,o-7 

Up to ax 10-10 

-a x 10-10 to 1 x • ,o-.9 

·-
Greater than l x· 10-9 

No limit specified 
(controlled by exter-
nal exposure) . .. 

8.6~1 Effluent and Environmental Monitoring Program 

8.6. l.l Gaseous Effluent Monitoring. The PUREX Plant ventilation and 
exhaust system has been described in Sections 5.1, 5.4, 7.2, · and 7.4. 

: These four ventilation systems discharge through 10 stacks. An eleventh 
stack discharges the air fran the 293-A building; a twelfth stack dis
charges air fran the anmonia offgas system (see Section 7.4.3). There are 
nunerous roof exhausters that discharge noncontaminated air from service 
areas. Table 8-16 sunmarizes the designation and function of the 12 plant 
stacks. The sampling and monitoring systems of the 12 stacks have already 
been.mentioned in Table· 7-2 and the control standards are discussed in 
Section 7.1.l.l. 
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Stack-

291-A-1 

296-A-1 

296-A;..2 

296-A-3 · 

296-A-SA, 
and -58 

296-A-6 

296-A-7 

296-A-8 

296-A-10 

296-A-14 

296-A-24 
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TABLE 8-16. Designation and Function of PUREX StaClCS. 

Strean Plant Data 
designation - c~d~ processing Function 

code 

EC. 291-A 552 Air fr>om 291 ~A f i 1 ters, 
includes canyon vent-
ilation air, vessel, 
and:condenser vents, 
treated DOG 

fp· E-1 54T Filtered air from 
N cell~ Q cell 5 -and 
PR room 

EHW E-2 542 Hood exhaust from west 
samp 1 e ga 11 er-y 

EHE E-3 543 Hood exhaust from east 
sample gallery 

ELE & ELW E-5-A 545 Filtered air from 
202-A laboratory 
hoods and gloveboxes, 

. . west· duct, single 
stack servicing two 
systems 

EGE E-6 547 Filtered air from east 
sanple gallery and 
u c:e11 

EGW E-7 548 Filtered air from west 
sample gallery and 
R cell 

EW E-8 549 Filtered air from west 
end of P&O gallery 
(white room) 

ET BT-2 -- 550 .· Filtered air from 
·burial tunnel 2 

EB E-4 544 Ff ttered air from 
293-A building 

- - 539 Filtered air from 
anmonia offgas system 
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... : .· ... ·a-.s~1.·1>i . PUREX 'Primary Stack (29.1':.A-1)·.: :A:·new·.~sampHng, in~nitoring, 
'._ __ -_: ,_and fl.ow.totalizing system has. been ins_talled that .complies .wi,tti ex·isting · 

.';<ANSI. standards.(17.) : The new system is. .described _in. References·.·32,. 35~- ·: .' ·. 
,. -·· .. · ·. and ·36 and ·illustri;ited in Figure s..:1s. . . . . ·. - . . 

. . The •. record sampling system. withdraws a sample bas'ed on ·stack .flow to 
•.<maintai,n :near· lsokinetic to11ditions·. • The -system ·has -three. legs: . a··r.ecord · 

.. . .filter leg, spare leg, .. and bypass_ leg •. ·· The. samp.les from the record.· sampler : .·. · . 

.. ··.:·are .counted in the ·222-s laboratory; and the official :ai.r released ac.tivity · 
• · ·. concentration from the 291-A-l stack 'is. based: on_ these counts~ · The. record . : 

·.:,:" '._:leg ·contains ·a 47. rmi_ filter holder,·-a.charcoal fllter·_holder,. vacuum~gauge_s, 
i\ .. a. rotometer, ·g~s f,low totalizer,· an_.air operated cpntrol .valve,and. a-dif..:· 

.:,( ,: . f erenti al pressure cell: with signar transmitter. and ',its --own ··motor ·atr: pumps 
.. : ,/.•( P~Vl8;.;.3-5:). T_he. bypass leg an_d the spare ·:leg each have.• an air· operated · · 

. <.a/:' ·.·,con,trql'valve and:differ.ential pressure··celJ.· · The ·sp·are- leg was ~quipped' . ··· .. · : a:<· ,:··: .>:J n:<August 1984 with a 4-in~ ;.;filter holder, and g·as f~low_ totalizer~· , This was: · 
·· e::;:- :.,;·done to ·s.ee if the 4-i_n. filter is less, susceptible- to the p'lugging prob- · 

· _: ~--: ,-Jems associated with amnonia nitrate than· .is the 47-rmi filter~ All ,three · 
: ._, :_': .leg's. of- the record s~pling ·system. exhaust to· the record.:systeni vacuurri pump 
\:~-: .. (P_-v1a:.s). . · .· · . · · · · · ·· · · ·. 
. ·,.·_~mi;:~:· 

~l'mt• 

. ~ .... . ·.: The roonitoring system withdraws a sample ·from :the··stack .ha,sed :on_;'~he .•. 
.setting of automatic and manua}:control lers·. :, The· primary monitor .·is '~h~ • 

.... fnterim roonitor •.. Two· auxilia_ry· CAMs~·a NOx monitor and: a )H/14C :sam- ·: . 

~· : 

·, pling sys;tsn, also withdraw. their ·s·amples froo.i this li,ne"' •• The ,intf:!~im men:.-·· 
.: itor·,wa:s. fostalled:to me~sure alpha particulat'e -(239Pu), beta-gamna par~:: · .. 

·:,;,/:.. .: \ticul~te.(99Sr),··.ganma .. gas (1311),·•arid beta ·gas ·(85Kr)>,·rt provides_·< ·, · · .-·:.: 
.· ·> _ · · level readings locally ·and_ in the central control .·room. High~level- alanns ·· · · · 

... -: '-are di splayed' on the dispatcher's panel for the·' alp.ha. particulate,,. beta- ··. ··.-.· .·· 
- . :'ganma_ .parliculate, and ganma_ gas. detectors. Two ·-auxiliary CAMs, · an alpha :s-A :- ' 

:and -an, AMS-3 · beta-:ganma_ are provided as· the backup for, the interim· monitor:. · :> 
.. /Jl:leY read 9ut locally· and· fn the central control roan. and alal".'111 both locally 

·· < arid ,on the ··dispatcher's panel. · ·A beta--ganma AMS-3 CAM and an :alpha s~A CAM · .. -~ ·, .. 
.. . . , ,are located .in the· 292-A stack building. for backup monitoring· capability, -• ... 
S · ·.: should either of the auxiliary stack CAMs fai.l. ·· Emergency power is>provided - i 

1
• ; //.·:\•fQr ·the record _sampling systen and. for the· a_lpha and beta-_g_an111a·_ stack, ~AM_s._,'.:; 

·., ·· ,. A.sampling system for the monito~ing of .. ,3H aniJ4c -~lso take~-:_,> 
; ·'. .·; :it.s :suction :fran. the .monitoring .line. _ This systsn provides. no direct · 
' .- · readout. In th.is system, an air sample is pulled through a silica gel 

· · adsorbent colt111n and a molecular- sieve adsorbent ·column. ··The· air stream· · · 
-:p•asses, through a _heated catalytic oxidizer before.the adsorbent'cofomn,s., 
The adsorbent colt111ns :are returned to the laboratory for- arialysis. -:,The : 
: system is. c·aRable of. measurin·g· 3H and ·14c at ·concentrations.- ori ·the,. './: , : 

J: '. order. of · 1 ~ 0 _ x l0-6 pCi/cm3 of air. . · · · 

· •.· · A fl<M totalizi~g probe is mounted: at the 74-ft 'level: of the · - . .• . 
.. : 291-A-l·stack. The flow totalizing-probe monitors the·-total ai-rflowthrough .. ·. 
: tne main stack. The airflow rate is displayed on .an analog recorder ·in the- ;• 

·· .. ·central <control· room. The· flow rate -'is integrated in time, ·and a total ·flow 
· digital signal will also. be displayed in 'the .-central_ control· room. :A "low' · 

.: .. /.· •·. ·· stack flow" audiovisual alann. is located in the.central control room and 
· · will alann-when the stack flow rate _is sensed to be below 1~98Q·.!J1~/min. 

__ \::.' 
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A 11 the monitoring equipment 1s located in the 292.,,A building 
(see Fig. 8e18)~ The replacement of 292mA building by a new building is 
projected~ The monitoring instruments in the 292-A buildifig wi11 be 
transferred to the new buildingo This new stack monitoring facility will 
not introduce additforBa·l operating hazards.·( 38) 

TABLE 8-17. PUREX Main Stack Monftor1ng and A 1arm1ng Capabi 1 ities. 

Parameter Alar,n Set Equivalent 
destination point concentration 

For the interim monitor 
. -· 

Alpha RA-V19-5-1 1"80 cpm 5 x Table 

Beta, particulate RA-V19-6-1 420 cps Table Ia 

1311 ~A-V19-8-1 Jg 700 cps . Table Ia 

85Kr No alamb No alarmb No alarmb 

. 
For the auxiliary continous air monitors 

Alpha Am1: (291.,.A) RA-V19-10-1 200 cpm 5 x Table 

Beta~ganma Aux (292-A) RA-V19-l1-l 40,000 cpm Table Ic,d 

NOTES: :values based Of.I 24--h collection time. 
Capability for alarming the channels labeled as 
•no alarmm shall be supplied. 

~v a 1 ues bi!sed on- 168-h co 11 ect ion ti me .. 
Table I refers to Appendix I of RHOmMA-139. 

Ia 

Ic,d 

8.6.1.1.2 Product Removal Room.Stack 296-A•l • · A sampling, 
monitoring, and ow o a 1z ng system as ~n nstalled~ The system, 
which ~omplies with existing ANSI standards,\17) is described in 
Reference 39. The location of the new coq,onents is illustrated in 
Figure 8-19. An isokinetic record sample probe is mounted at the · 
46-ft level of the 296-A-1 stack, and t.he a:fr it samples is fed to a 
1.7-in.-diameter membranous filter. The stream is monitored also for flow 
rate, and an audiovisual alarm system is located in the dispatcher's office 

. and will alann when the flow rate is. low..· An isokinetic monitor sample 
probe is mounted ~t the 50-ft level of :t.he 296-A-1 stack.. Air sampled by 
the monitor sampler is fed to an alpha j,articulate ( 239Pu) CAM with a 
1.7-in.-diameter menbranous filter. The analogue signal from·the CAM unit 
is displayed in the central control room, while the audiovisual alarm is 
located in the dispatcher's office. T~e instrument has a sensitivity of 
9.0 x 10-13 1,1Ci/ml in 4 h for 239Pu when the flow rate is 2 standard 
ft3/min. · The alann will -be initially set at 1.0 x 10-12 1,1Ci/ml. 
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A flaw totalizing probe is mounted at the 49~ft .level of the 296-A.,1 stack .. 
The probe is used to-monitor the. total airflow rate in the 296--A-1 stack. 
The flaw rate as we·n as the total flow (digital signal) fs displayed in 
the central control room. · A •1ow stack flow1i audiovisual ·alarm is provided 
in the central control roan and will alarm when the stack flow rate is. 
sensed to be below 4_,000 staradard ,ft3/m1n. · 

. 8.6.1. l .. 3 East anct West Sanple- Gallery Hoods. · These stacks cur- . 
· rently, have 1 e 7--in.,•diameter. record samplers that are changed each week and, 

counted in .the 222-S laboratory_ for total al phi and total beta radiation. 
The, official air release concentratiOn$JS for the· 296-A-2. and· 296-A-J· stacks
are based on these ·counts~: Isok1netic monitor sample probes have .. been 
added to : these stacks. Th•_, man itor·· $amp 1 e · stream from the 296-A-3. stream 
is fed· to a be:ta-ganma CAM~ while .the 296;.A-2 stream is split into two 

. streams which are fed tp an alpha ·and a beta-ganma _ CAM. 

9:. , 8 .. 6.1.1.4 . East and West Laboratory Exhauste The 296 .. A-SA and. 
;!;· : 296-A-58 stacks _have record sample probes. The stream is···fed to a _ 

_ ·e,..:_J] . 1.7-in.-dhmeter membranous filter: that is changed each week a.nd counted in . 
.c:~: ·. the 222-S laboratory fo,r total alpha and total beta radiation., The ·· 
i( .. , official air release concentrations for ·the -stacks -are based on these 

counts .. Monitor sample probes have_ been added to these stacks. The 
monitor sanple strean is-fed to_'CN-1,'.for···alpha and gamma·radiatfon· 

.· monitoring. · · 

.. · 8 .. 6.le1o5 __ ·East and West Sample Gallery._: The.296..,A .. 6. and 296-A-7. stacks 
have record sanple probes. The streams are fed. to ·1.9 ... h1., .. diameter, round .·· 
filters which are changed each week and counted in-the·222-S laboratory • 

. .. The official air release concentrations for these two stacks are based ·on 
· ·: )_\ these counts. -- · - ' . 

. ·,,' ' '806.1.1.6 Ptpe and Operating·Gallery, Burial Tunnel 2, and ' 
293-A Building. - The 296-A..;8, 296--A-10, and 296C>A.,.l4 stacks have record ._ 

. sample probes. The_ 296-A .. a system has been upgraded to include isokinetic · 
sanple probes. - The streams .are fed to. 1 .. 9.,,foo-diameter, round filters · 
which are changed>each week· and counted in the 222-S ·laboratory for total 

. alpha and total beta radia.tion •. The official a.fr release concentrations· 
for these stacks are based on these counts. · : . · 

8.6.1.2 · Ligu;d Effluent Monitori~g. The PUREX Pl~nt liqu;d effl,uent sys-· 
.. tem has been descr16ed 1n Secflons 7.2 and 7 .• 5. ··Essentially, the liquid 
· effluent system cons.ists of the following 'five streams: 

• Process condensate. (POD) • · 
. ' .· . - . . . : . 

• Anlnoni.a scrubber waste cond~nsate,(ASO) · · 

• Chemical sewer .(CSL) 

. • · Cooling water (CWL)-
I , 

• · Steamcondensate~(SCO)} 
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.the princip~l - sources'·of Otfie· li'qUid ·effl ~e~~ :~y-~t~··ani the' poi'rits· ct'· 
.. _'.di·scharge from the ·PUREX ·building are shown jn Figure 8~20/ .Jhe high~·. :_ . .. · 

.. .- .-.. :;level was-te stream,. also shown in Figure 8"'\"20, is not class·if1ed as a:-" . 
. ·; ; ·_ li qui~· e·ff luen_t' stream, as it: 1s contaiJ1eq .to·r .further pr.ocessi-ng :and ,not 
· < .·.'. .r:eleased to the· environment.· As i.~ .the. case for.the mohitorfng of the.- ,: . 

. , .· ,· ·gaseous effluent streams, nµmerous cftanges··ate ·being.made::or ~rebei'ng_·./:. 
· ·. ·_ .-.. · .. · . p'1anned for the _monitoring of the- li.quid ·effluent streams.: The follow}ng,. 
· ·, ._ discussion describes the existing-samp·ling ar:id:monitoring system of the:. 

: •:: liquid effluents and the new- ones to be inst.alled .before startup.:· ... ·,· . 
.. . , . ~ -. . . . '. . . ' . ' . . ' : : ' . . , - . ' . ' . ' . . . -~; .-. '.'•·., 

·.· .8~6.1.2.l ·. Process· Condensate Stream.-· Th~:POO<~treami-1s··proport-ion~:. '.· 
.· .. · . a 11y sampled with respect to f J ow rate. -Samples are· collected and com-· . .-

, ___ : · positea over a 2-wk period and analyzeq in the 222:-S laboratory~, Duriri,g . ·· ·.';, 
_ ·,./.<.\•,standby periods the -discharge. site.is.'monite>r.ed for·the r~dionuclid,es ,,>",< 
:6~;.:.\?l~sted in .Table 8-la.: During::operatingper.iods·the s·tream samp_l~s.·.are·::.· .-

,, ... '..°'.<"' ·· ;- an~lyzed.· for .the radionuc-J ides 1 i sted .. in Section 7 .• l. 2. l. ·_ ; · ·: · ·. _ -~;- ' ' ' ' .. _,. ,, . 

:: ··}:b!-· ·. : .·.· · · ·A.sampling, monitoring, and: flow tota):i zing systetri ·-is :1.nsta l1e.t:1. := Tlj~ 
·· \~.-·'.\i .sYst_em:Js ,descr.i.b~ .·in .-Reference 4~ and iJ:1ustr.ated in:,Figu_r-e.-~'."'2l~·: <T:_he,-, :·.,. .. 

~~:-· / s_tream 1s .proport10nally ·sampled· with ·respect t,o fl_ow rate .and ,the ,samples: ·: 
.. '"~"''' · ... :ar·e collect~ in a stainless. steel ·ves·sel •. B.efore tr.ansfer. to the ·;_ ... ·. • ... 

·. '..~/i ·;sta'i n1ess steel ·vessel, the samp'les are analyzed fot ,radjoacti vity. by. -a· . 
. _ ... ... ":·.system of radiation nion fto,ring equ1pmerit and .instrumen.t.s ·wjth. the.·.· 
··' · .-, :following capabilities:: 

-• ·· Gamma~sens it~ ve ·m·on tt~r . 

• -Sensh-i vity r~ ,o.:.7. ~Ci/ml. l 37cs .·: .··•· 

· -•- · Conti_nuous fluid :monito~ing 
. }• 

' -~ ' . : : ~- ' >.?··s .. · 

._·. ',.- . _·;.·_ ~·: 

-· ,_-,·, 

' ·,;· 
. - .. ~' 

-.,•;' \'. ··•_; 
,_ :.· ', ~- ' . 

' '•. · • ,' Ope~ate. from· 1-20 ·V a.c. · +10%; powe~ su.pply 
' ,, ' '. - .. ', '·-' - ~- 1 ' 1_. :, ·: .. ,:-- •• \ •. ,: 1 • 

.. :_·,:'_ .~ Remotely· actuated ch.~ck source · 

i ->Operate·. ~n . a background :of O. 5 mR/h · + l00% . 
'': , .; 

-~ ')\la.rn(trip level corresponding to 2 X lO~?· ~Ci/mL: 1_37cs·<_,' -

. • :.·,-Ambient·: air temperature :range S0°F to 90°F.: .·. ·. 
• .- ,• e • •, •. • ' • • , 

_.·- ... : · .. :. ~ : ... '_ 

. • Fluiel temperature 'range 60°F-to 170°F.; 
' - ' . . . . .. - ._· _ .. ,,', 

. . . . . ·.: The d~,tecti.ng system c·ons.ists of a Na'i(Tl)'.crys~al: co~pled :to• a:.·-::· :0 
.::./,i .si ng-le~char:mel . analyzer. If th~ monitoring system detects :i released con-_· .: 

· .;<·., \,· > .·centration in excess of tne ·limit of· 2.0 x 10-5 · µCi/ml .for ·137cs, _:a high ·,:· i . 
radiation alann ·is activated and a verification sample is automatica_l]y .. · • 

:: col l ected for laboratory ana 1 ys is. The system -is constructed so ·that about _ 
· once: every shift the radiation men itoring instrument is automatically ••· · .. -
flushed wi.th sanitary water, and a check source is automatically.,.acti.vated. 

_ . .ln actdition,·_ total ·flow on·.the stream is· mo~ttored with Oa-inagnetic 
·.:.-:-:f\low-_·.met·er. - . - - -- . ·--· 

. . .':' . ·~ '. ·":•: 
~ . .• .. ' 
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TABLE 8-18_- · Radioactive Isotopes· for Which-.Liquid Discharge 
Streams are Analyzed During Standby Periods. . · .· 

Discharge stream 
Radioactivity 

216-A-10 216-A-368 216-A,;.30 216-A-25 · 2Hi:..B~3 

Total volume X X X X X . 
Pu X X X X X 

Total beta X X X X X 

90sr. X X X x· }'. ' 

106 · 
Ru 

. 
.X X X X X 

137 Cs 
·. 

·' X X X X X 

·144 ·· Ce X X X 

60Co X X X X ,· X 

238u X X X x· X 

3H X X .. , 

· 8.6. 1.2.2 Arrwnonia Scrubber Dischar,e Stream~·. The stream "iS analyzed 
for radionuclides 1n accordance w1th Roe weii•s environmental protection • 
manual.(9) A sampling, roonitoring, and flow totalizing system has been ·. 
installed. The system is described in Reference 41 and· illustrated· in 
Figure 8-22. The system is identical ~o the one for the·PCO stream. If· 
the monitoring system detects a released concentration in excess of the 

. limit of 2.0 x 10-5 ~Ci/ml for 137cs, a hi9h radiation alann is acti-
vated in the dispatcher's office and .a ver1fication sample is automatically 
collected for laboratory analysis. The system has the same·calibration 
facilities as the POD monitoring system. Total flow of the strean is 
measured with a magnetic flow meter. • .. · .. 

. 8.6.1.2.3 Chemical Sewer Stream. The stream is also analyzed for 
radionuclides in accordance with Rockwell's environmental protection 
manual.(9) Nonnally the sewer rece1ves an uncontaminated flow from pro·c
ess equipment and floor wash. However, it is possible that. an accident~· 

· operational upset, or sudden leakage in the contaminated process circuit 
might cause a contaminated flow to drain into the sewer. A sampling, mcni
tori ng, and flow totalizing system similar to those inst al led in the POD· 
and ASO streams is installed; diversion capability to the 216-A-42 basin is 
provided (Fig. 8-23).(42). · · · . · 

8.6.1.2.4 Cooling Water Stream. A.sampling, roonitoring, and flow· 
totalizing sys~en similar to the PDD and ASD streams is installed on the 
cooling water stream. Diversion capability to the 216-A-42 basin is 
provided. 
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PROCESS PIPING 

ELECTRICAL CONDUIT 

-,..:,,: .. 

1. SIGNAL CABLE FA,OM THE 295-A AND -AZ. 
BUILDINGS TO CENTRAL CONTROL ROOM ANO 
OISPATCHER"S OFFICE VIA A WEATHERPROOF 
CABLE TRAY. 3 in. x 12 on. 

2. ALL ELEVATIO:.JS ANO COORDINATES OF 1.!NOER
GROUNO LINES SHALL BE VERIFIED DURING TITLE I 
DESIGN. . 

3. ALL ELECTRICAL INSTALLATION SHALL CONFORM 
TO THE LATEST EDITION OF THE NATIONAL 
ELECTRICAL CODES • 

4. ELECTRICAL ?OWER (480 Va.c.J MUST BE PROVIDED 
TO MAKE THE SYSTEM OPERABLE. 

5. LOCATE 295-AZ. AS CLOSE TO 295-A AS POSSIBLE '· 
CONSIDERING MAXIMUM SLOPE OF EXCAVATION 
ANO WORKING CLEARAN.CE BETWEEN 
EXCAVATION ANO 295-A BUILDING 

RCP810S-12:l 
IREF. SK-2-233971 

_\ 

FIGURE 8-22. Ammonia Scrubber Sampling, 
Monitoring, and Totalizing System. 
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8.6.1.2.5 . st·eam Condensat~ Stream •. The sco-· strea7n' is proport.ionally 
sampled wUh respect to flow rate. Before being- transferred to a con
tainer, the samples are:monitored._by a NaI(T1) scintillator for 137Cs .. 
The scintillator is. connected .... to · a rate. meter!) which tr1 ggers· an alarm in 
tt,e dispatcher's office. if the. released co81centration for. 137 Cs exceeds 
2.,0 x 10-5 iiCi/mL. If an alarm is triggered, the stream can be diverted 
to a retention·.bas.in .... ·The composited liquid samples are collected every :_ 
2 wk and analyzed in. the 222-S laboratory.. During standby the discharge 
site is analyzed for the radionuclides listed in Table a:..1a., When the . 
plant- is'~opera1:ing, the'.stream samples. will be analyzed. for radionucJides 
in acconfance··with .Rockwell's environmental protectie>n manua·l. (9) . · 

-

8.6~ 1.3 Solid· Rad.ioactive, Waste Monitorin9. The. packaging, storage, and_ 
ultimate-"d1spos1t1on of al-I sohd rad1oact1ve waste: are--detailed in 
Section 7. 7. · 

· ·-All solid ·waste materials that are potentially contaminated with.· 
radi,oactive materials are surveyed to estimate both the radioactive mate
rial and the special nuclear material content. prior to interim storageo 
The amount of nonfi.ssionable radioacthe. material is estimated by Radiatiol'l 
Monitoring, using the portable equipment ·descr-ibed ·in.Section 8 .. 5.2.1. 

'After packaging, the'radiation levels-at·the surface and at 1 m fran the 
surface on the individual waste· packages· are measured and documented. · 
Prior to inter.area. shipments of waste packages, the contamination levels
on the exterior. surf·acE! of the package. are· measured and documented.. These 

· measurements are performed by:·Radiation Monitorings ysing·the portable 
equipment des'c~ibed- in Section 8._5~2 .. 1.• · · · · ·· · ·· · 

, Solid: waste containi·ng~ special nuclear mate~ial _will be packaged fn ._ 
. 30- or 55-gal drums.· The special nuclear material content is detennined ·· 
by nondestructive assay. The nondestructive assay system is installed in 

. the canyon ·lobby at the west end of th" PUREX Plant. The system consists 
· of a Ge(Li) detector coupled to·a.multichannel analyzer~ The analyzer is 

set up ,to count photons of·.-414 KeY• energy~ .· This peak corresponds to the . 
primary ganma. ray ·emitted by 239Pu •. The system is capable of detecting 

· . 1 g of plutoniun. ,_ · · · · 

8.6.1.4 Environmental Monitoring •. Rockwell is responsible f~r carrying · 
out· an: env1r~onmental. monitoring .progran foside the 200 Areas of the .. · · 

· Hanford Site. The_ PNL is responsible f~r carrying out an environmental . 
monitoring· program for ~e. surroundings .of the 200 Areas of the Hanford ·.. . , . 
S_ite. Rockwell is 'responsible-for the monitoring program inside the site. 
The standards and procedures of the Rockwell environmental monitoring pro-
gram are described in detail in Reference 9.. The following is a surnnary 
of this progran.. · 

Water s·amples -are collected each week .. from U sampling point~ near 
ponds and ditches in the 200 Areas. The samples are composited and . 
analyzed monthly in· the: 222-S laboratory. Two types of water samples· are . 
collected: grab saniples-are collected by bailing 1,100 ml. of the pond and. 
ditch li.quid into a sample bottle _and automatic samples are obtained by . 
drawing: 50-ml samples every 3 h .f,:om a .. delivery. line controlled by an, 
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~\, autanatic" "sampler.·. The grab·. itnd au_t'omatic sa,np.les are del iverep. weekly ·to·. 
r,: ·the .222-S laboratory~ where acid ·is· added to. the sample bottles .and· are .. 

. stored until composited and analyzed 'for .gamma emitters, 90Sr, plutonium ... 
·isotopes, 241Am, and uranium~ · ·. · · . :· ,' 

, <:·' ,. ,;; : AJr samples are.· collect.ea· w~elc'ly from. 21 ·sampling sites inside the . 
. 0200 Ar,eas~ Two· methods are used to: obtain air samples~ Continuous· air··'.·· 
samples a~e obtained by drawing air through a 1.9-in.-diameter or.4-in~
diameter··open-face filter •. The. samplers.are-operated by a l/4~hp' pump' · 

· .. ,· calibrated to pull .:57 L/min of air •. A rotameter or _magnehelic gauge are 
;°: · .. i,:,·,, <d.ased :to coiltrol·the ·s~ple flow. The samples-are changed weekly ·and the · .. ·· .... -: .. • .. 

... ::::'., :filters .are:delivered to the 222.;.s Jaboratory'·for.·grossalphaand beta 
: .. '::·_,. ·analysis. ·After counting, the.' samples _are stored until the end q'f the 

-·>. ,calendar:quarte}·, at :which time composites· are detivered:to the ·United 
· .. ~i'. .< States Testi.ng Company, 'Irie. ·for. gamma~ 90sr, pltitoni um-isotopic, 24 lAm, • 

:>,a;:,,._,._,. and ur:anium analyse~~ .In emergenci.es and -planned operations ·not :covered. by 
:.'19; ~ .· effluent ·control. systems, ,grab. samples are .collected wi_th portable 'air 

· · 2';/::> ,_· pl.Jlllps~ . Emergency air ·samples. are collected -wijen. range fires threaten :radi~ 
:/ if.;~. :;1 c1tion :areas and. when uncontro.lled. releases have occurred •. Grab samples' are : •. 
: ~. also·collectetrt·ornonitor.tank"fann activities,:burial ground work, -and· 
,.,:5.;:,:.'':. -controlled)urn~ng of:_vegetation.; ~ llS-~_,· portab}e air"pu'!1P .opetated by. a··,:, 

.- :, · :;:. ,5.:~w generator 1s available for a1r _sampling. The-sampler 1s ava1laJ)le-at :' .. 
. .,,·;:;_ an· accesSl•ble 'location 24 hr./d. : The gener.at.or is available only'during · ' 

I' 
·, 

. ·, •. normal_ working hours.. Arrangements ·.are made. through the emergency officer(.: 
- to.obtain ·access to the generator when emergencies occ:ur:during.off-shift 

. :. :ho11rs~ -·weekends~· or ·holidays •.. Radiation ,Monitoring· ·tias.' several· pickup-.· .. ·•; : 
•_:.·truck mounted generators available to shift .personnel for·emergency moni- .. · 

:·. taring needs. ·The field. posit•ion. of -the_ sampler is detenni11ed· by Envi.ron- : 
',' ".mental Ana lisi s Monitoring and Radiat·ion'..Monitoring. based on meteorolog-·. :: ' 

ical conditions _and terr_ain feat'ures._ The. samples are delivered 'to the·',/ 
'.::222-S::laboratory,for gross a_lpha ·and beta co1,1nts. :The data·are eva1u·ated'.· 
· ; by Environment al . Protection. · · · · · · · · · · -· · 

. : A. grid system of 81 points~. 'known ,:as the· 200 'Areas .81 Grid Syst~m, 
: ~as been established in the 200 Areas· for the monitoring of radiation, 

.';-;:levels,. soil .samples;· vegetation samples·, and. feces samples.• Radiation.·· 
,· · ·._ levels are:measured monthly at 91 sites-. (200 Areas 81 Grjd System _plus·· . . 

.' liquid ·sampling:sites). using TLD •. · In ~ddition,· ni.ne TLD packages are used•: 
. . ·':• -to· correct the measurements·for'·background radiation •. These are tested,.• 
.,: , packaged,' read·, and calibrated by PNL. ·: ~ach dosimeter capsule contains ... , 

.. :three .CaF:Mn TLD· chips (Harshaw· TLD~'00). The -capsule is·· opaque to ,light: :: 
·>· and lined wi.th 2 ·mil of lead and 10 mil of· tantalum~ · There are two . · 

capsules for, each ·field location and these. are exchange4 each -month.· <Whe~ · 
. " ::. used, :the capsules are-suspended·:in weat.herproof,",pJastic v,als 3.3 ft 

· · ·.: · : · .·: aboveground •. · .Ni.ne. background capsules -are carried with the field ... · 
·. ·::' ·-:•. do.simeters :during •the .exchange and then placed in a shielded container. 

, The backgr:ound capsules are read with the field c·apsules •.. The average 
, : ,dose on the bac'kground capsules · is an estimate of the dose to the TLD from · · 
. · ·field ·handling and transporting. The background dose Js subtracted from 

· · each field dosimeter. 

... ·.· 8-96 ,· 
'' .... ,., 

·,·., .. 

? . ;· ·_ ·:··· 

. , 

.;.\ 

'~ •' . .,. ' . 



. .. . 

~~-

_:;. S0-HS•SAR caQO 1 
' _REV J . 

- -· . ..., 
I'.' .. "•' 

so·n samples, vegetation samples·, and·animal·~,feces.:samples are 
co 1 lected annua 1 ly from the ·200 Areas 81 Grid: System. If found contami
nated, samples are delivered to_UnitedStates Testing Company, Ince or the 
222-S laboratory for ganma emitters, 90Srr,i and plutonium analyses. · 

Aquatic vegetation and mud saniples are collected annually at 15 sites 
from -the banks and shorelines C)f the. 200 Areas ponds and· ditcheso .. .The 
samples· are del 1 vere<i to the 222 .. s laboratory for ganni •itter, 90Sr; plu~ -
tonium:, i'sotopic~ _241Am~ and uranium ana-1yses. Routine rad1o1og1ca1 sur .. - ·. 
veys are· performed on. the: surface of:.the 200 ··Areas roads and· firebreaks. 

· Geiger-Mueller tubes· connected to a· rate meter. When activity is detected, -
· the·. vehic_le h-,;stopped: and:.a detailed- survey·is made with a·har,d-he.ld: 
detector'-.· Tne··boundary,of: the,·contam1nat1on is markecf and recorded. on. a 
map. Radiation Monitor1ng and Operations management are notified so- the 
posting:and cleanup activities can be- 1nitiateci' • 

µJ;· . . 

~--- . _ Radio.logical surveys_ of radiation areas, ground plots, shorelines, and 
t, :banks of ponds and ditches are conducted annually at 57 sites. Standard,: 

~: port ab le, survey meters are used for beta-gamna surveys. -A special zinc 
~~- _sulfide scintil lator_probei With an internal-pr_eainplifier· is used with a 
-1;1 .. - rate meter for alpha surveys~ Data obtained ,in these surveys are compared 

· ~~- .,.: with data. from previous surveys to ,detect. ch~nges. ·. Reconmendatfons for 
corrective:actions are made.to Operations when necessary. Data analysis 

· ·•· is performed in accordance with' the', following. published, techniques. 

~-- . 
; ' 

. ' - ~ .. 

., .. · '-':: . .. 

,· 

. . 

•. United~States· -Testing Company, . . Inc~_. 
- "• __ ...,, .... · 

' . 

Perfonns analYses of soil, vegetation, feces, and air samples 
. fran the grid system .and other selected sall1)1e sites •. · Analyses 
are perfonr.ed: according to techniques·- described in the_ current 
edition -of· the ·following-manua-1s: •·": - . · ... · · 

- . HASL-3<Xr~r-ocedures Ma~~a1{43)' 

- Measurement of·Radionuclfdes 1·n the Environment, Sampling 
and Ana1ys1s of Plutonium 1n so11(44). _ . . . 

- Environmental Radiation Measuremerits.(45)' 

•· Rockwell 

·The 222-S analytical. labciratory perlonns •analyses of air filter 
. samples and the sediment, water, and aquatic vegetation: samples 

from the liquid idisposal sites.·. Analyses are perfonned 
according to techniques described fn the current edition of the 
following manuals:.·. ·· -· . - . . · · · · 

. ' . 

- HASL-300 Procedures Manua 1 ( 43} · 

. ASTM Standards,- Water(46.) · · · 

. 8-97 ... 
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Standard Meth.Js fd~ .the. Ex.amin.ati.~n of ·water. and .waste ' .. 
Water(47). · . 

. EPA Methods for Chemical Analysis of Water a'nd Wastes.(48l 

1 Pacific .Northwest Laboratory Physical Science ~-· 

·., ,· '•. 

The Technj.cal Analy~is. section at ·PNL perfonns chemfcal ·and· _ 
. radionuclide .analyses on .groundwa'.l;er well samples •. · Analyses· are , 
. perfonned according to techniques described- .in the current · · 

.· .. ·. __ edition. of the.foll owing manuaJs: · .. · · 

- 'ASTM Standards, Water(46) 

.. . . 
. . _ - :Standard ·Methods for Exam·ination of Wate~ and Waste 

·Water(47) 
. ' ',. ,... . . ._ .' ' . '.,: ' 

-:. HASL-300 Procedures Manu~l .( 43) · 
. ' . 

. -. :-EPA Methods for Chemical° A~alysis-~of Water ·and Waste ·• 
' . Water{ 4/.). . -. . . . . . . . .. . . ... · •··-··-- . '·-·'' .-· .... ' 

· • · -Pacific Northwest 1aboratory Radiation .Standards: .and Engineering • • _ ,;· . 

··-. The Calibration. Laboratory at PNL reads; tests, calibrates~ :and. 
: ·packs . the:_ TL Os :j n. ·accordance ·wi.th: : · 

,=-·. 

' .. . ___ , 

< - : Performance Testing~ and Procedural Specifications for Thenno- __ .,.,., ·: ·_ 
· luminescence Dosimetry:. Environmental Applications(49) 

- The Hanford •t~vironm!ntal CaF,: .. Mn Thermoluminescence ' 
Dosimetry.( 50) . _ . . . · . . . . - ... : • .... · · 

' ; .·· .... _· Data collected from· environmental monitoring are.·sto~ed ·in ·:a computer .. '. 
.. ·>·data· base sys ten •. Current and historical -data can be recalled -to be re- · ... : · 
: .. < -yiewed, to· -deternii ne ·and fol Jow trends~ a"d to perform' statistical arialy-

. -. · s'is :of the: data. .Trends are· reported in weekly, monthly~ <and quarterly . 
:Envjronmental P.rotection reports •. A similar-data system i~ mainta·ined. by·· 

'· .... :PNL ·tor their :envfronmental monitoring _.program of the Hanford Site, ·.which 
: -·\· . ._ includes the su r~oundi ngs of the 200 Areas. · . : ··· · 

. . . ',' ~-

- . 8.6.2 An.alysis of Multiple Contribution 

. . , The radio logical impact of all Hanford operations. on·' the surrounding 
· · ·-population :is continuously .monitored by PNL •. The .monitoring program is , 

·· ' :. carried ·out in· accordance with Reference 5 and the results are published 
· · · :annually in env1ronmental surveil.lance ·reports •. _Table_:8-19 lists the com~ 

· .. ·posit ion of Hanford effluents reported for calendar year -1978~ The data · 
· ·:·were- used to calculate the annual dose for the. max,mum individual, ·the · · 

'.,50-yr dose conmitmenf for the.maximum 1ndividual, the.dose to the .•. ·.· · 
<population fran Ji quid effluents, and· the- dose to ·the population from· 

·· <a:i rborne ·effl°uents~ .· The :data· are presented ·_in Tables <8-20 through 8-23. ··:. 
' • ., ' •· •. ,_: • • ' ,,. -.·. .-' _I , ;", ; :.· .. • .. ':•. r 
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TABLES-19. Radionuclide Canpos1tion · of Hanford Effluents for 
Calendar Year 1978Q 

I 
Alidtonuclta . , Half•ltfe 

I 
I 

1M (ltTO) 12.l yr 
211111 · . 15 Ir 
l:lp · 14.3 cl 
IIIAr · 1.8 II 
uer_. . 27..~1 :41· 

. s..,.... . 303·· cl;. 
S'Mn Z.'&JI: s,,.-: 45 cl : 
s~ 71 cl·, 

- Hf,o• 5~3 yr-

· · LhJlici . 
to r1Vff -

. 331', 

·LID 

0.14 
- 0~1• -

1;z · 
·, 0.11:' 

a.mz .. , 
. a~•'. 

I 

31 , 
a.m 

1.1 ; 1al 
0.041 -

a.021 
3.8 
o.ozz· 
0.011 · . 
o.ma- .. 

300 ,\,u 

0.046 

14.7 : 10~5'! ·. 

HZft 245 cl 
: . "As ZI.E>.11 ·.,_ 

o.cnz 
'·" 0.013 .. S29r 35 II 

•saxr 4.4 II 
Hl(r 10.111 

: _171(p :1 75 ·111n 
"Kr-Ab 2.a 1r 
l,Sr. • 52.7 cl 
905r. fJ.7 yr 

. '15r t.7 II 
9Sz,, 65~5 d 
Hflt 35 cl 
"Zr-e . 17 11· 
'-.0-Tc H.7 h 
l03'tu 39.!I II 
&O'flu 3151 cl· 

.l225b z.a c1 
lZ"5b, --,cud. 

. 12151, Z.7 yr 
UZ'fe -77.7 Ir 
lHt ,.·1 .. -u-7 Y". 
Ult · l~l d . 
UZt .. Z.l h 
Ult Z0.3 II 
u:1 5.7 II 

. 1nxe 5.3 d u-x. · . Z.3 d 

. usx. . ,.1 II ... 
lllle 17.5 111n 
ll"Cs Z.1 yr 
U7(:s 30.0 yr. 
111oe. lZ.Sd 
1110\.a 40.2 1r 
1111ee I 32.5 cl :_ 
... "Ce-Pio 214 cl 
llt7ftd 11.1 cl 

. lSlS. 45.d II 
-• 51tfu .. 16 yr 
l55£u t .a yr 
111w 23.9 II. 
UORft 

4;4 .. ~tr,, yr.· U-Ma~ 
Zl'Mp 2.3 d 
Zllflu ., · . 81.4 Yr 
:U9pu Z.44 • tiJ4 yr 

I 

0.40 
,1.3 

. o.n •-
. 0.15' . 

z., ' . 
0.31 . 

. _· 0.57 

O.OIZ 
. a.11 -

. _.·. a.2 .. ta-' · 
. 4.8 : . 

. -· · "a.• 
. ., 
.... 

. 5.7. 

0~031 · a.a 
. 4.0 
0.035 · 
o.15 
a.11 

1.3 ; 1r4 
0.085 

- 510 

154(! 
naa 

. 0.021 
1.Z idr' 

. 0.95 

0.0071. 
0.0073 
a.an 
1.0 . 
a.an 
(i.QIO 

. 0.005' 
a.am 

3.0 I 10-4 
a.ozs -._. 

0.47" 
,~2 . 
3.1 ,.z . 

t1 .' ,., 
2120 . 
5040 . . ,.a .. to-4 

O.OOZ3-
0.19 

- t.1 
0.0074 
a.057 
a.an· .. -
o.oza 
0.032·. 
Q.071, 
0.34 

0.015 
7 3.1 I 10--6. z.z .1 10 

--

--

--

-o.0025° 

1.1 : 10-4b 

-. 

•. 

5.8 I 10j 
3.5,1 ta . 

• . 

.. 
0.009 . - . 

7.2 I lQ-0 . 

z.a 1 10-sa · 

czActually re,artacl as lltxlcl 1cttv1t1on products. Callllt-60 •as usiaacl for s1mp11ctty 1nd WIS used 1n dose 
ca 1cu1at1ons. _ · 

"Act1111ty re,ortect ~. 11ixed fission prodUCU. Stronti111-90 .as ass ... ca for s1mpl1ctty and WIS used tn close 
calcu1at1ans. · . . . : . 

c:Actual.ly ~tact ~s gross alplll. Pluton1ua-Z3t -as· usiad for s1ap11ctty and WIS used 1n do111 c1lcul1t1ons. · 

~ Aadtonuc11de not- ·reported 1n efflu111:c. : · · 
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TABLE 8-20. - Dose to the Max·imuni :Individual 'from 
Effluents Released -Duri_ng 1978._ 

. ·:.1·; ·. 

Environmental 
pathway Skin 

Do_se {mrem)a 

Whole··· _:·Gib -_ · Thyr_ o __ i_d• -_· -B_one· 
body - . . i_ung· 

. First-year dose 
·,:>.;----------,------,---~---~-----.---------

•.•.• .·•·~•. •·· Ai rbOrnec ·• · 
, ·Drinking water 

'(~-

' ~- •· : t; Ir-rigatea· foodstuffs 

-, ,: ~< ·•; :Aquatic ·recreationd 
.·:~ 

A.i rborne c . -

' ,, '.<<·:Dri.nking ~ater _. 

· 0.11 

o'.01 
· · · 0~01 -

0.11 

0.08 · ·0~01 · 

0.01 ... 0.01 

'·0.01· 0.01:.' 

. 0~01 '. 6.-oi 

·SO-yr 1comm'itment :. 

· .0.08-

0.1s 
o.os· · 
0.16 

·0.05 

. · 0~22-. 

. - -. . 0.'01 

·• 0.0l. 

' a.or•, C 0.05 · 

Q .• 01 ,: , - 0.04 .. 

·0.01 0.02 

0.01 .· · . :- ,' 0.16 

0.01 .0~05: 

,·.o.pl .· ' , Q.Dl. 

· · 0.01 · 0.:01 ,._ 

.o.·01: ,--0.01-· 
·· o~or- ,, · :-0.,01 ··· · · 

:•,··· 

' :0~01 -/· ·•· · -o~o, •·· 
· · · o _.01··. ··:. · ·.·' · ·o· 01 _, 
. '-. . . ;'-~ .-.. ·-. _. .. . . 

_p.14 • · · ::o.o·f 
0.06·. . _·. ·0.·0l· 

'. : ·-~~--~· 

- ., : ' 

./}:•.'.,: -

c• ,:· •,.' 

-.· ·.·Jrrigated foodstuffs.· 
'\'', .-<'/ Aqua't,ic :rec~eationd ·_' 

. -_ .·.- ·, • · aThe doses shown are not strictly additive. -The dose received is 
._.:.;.,.:.'·' _; : .. ~- .. 

•(,.'.; :· ·:-·:'.dependent ·on ·the location and· assumed living habits of· the -hypothetical . . · _ '.. :<~ 111aximum -individual •.. The location,of the. maximum individual is .different. f.or_ 
··.:· . · : i ::<, :''.each pathway shown; - in -some cases,. these ·· 1ocations are. separated_ by many .: _ .. · 
. _·. , >mi 1 es ( see' text) • . . ,. . _ _ . . 

' :bG~strointes1:inal tract· flo~er large intestine) •. ·. 

··' . ' .· .~- .. 

·< ·: '.' .. cincludes '.dose: contributi.on~ from inhal.atfon, submersion,·.:"ingestion·:_~f_.· _-., ., 
_ foOdstuffs :contamina·teq by airborne depos_ition, an~ exposure to .grourid ·· ,. __ . .

1
• • 

.. >,·:cOntaminati.ori.·." ·· · · · · · ·· .:~-~ __ .,:·-.,.·:·· 

dln'cl~des consumption of-.fish from the Columbia, River.· .: , ., , ... , , :. 
,.,,.•' 

,, ' 

~ ·. 

,_·,, '. 

. . : .,. __ '• .,,._._: 
-._.' _·: . -~ _.. 

-s~100 ·· 
_,· ,-_:,· .. 

:_-. ~· ~'\.' ... ', 

. ',,,,' 
,"t,, 
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. TABL-E 8-23~ <'\mbient ., Rad1atio~- Dose. for kanford 
· S1te:.;•January through December 1974.,a( 33) 

Location 
Dose (mrem/yr).c .·- ·· . Number of b: · 

1 
______ "!""-__ .._,_.,,,...,.=-

. measurements Maximum I M1 . I A ~ra e . · n 1mum . _ v g 

·_ :Perimeter eanwnunity dos.e. 

E1topia- 11 69 55 62 + 9 -· 
. 14' 

.. 

80 66 73:-+-9·, P·ascQ 
., ·-

Richland,;; 2t -so·. 55::, 66: + 14 --
·Vernita:· · :15 11~ 69 84 + 22 -
Bento·n City- · 13 

'' 62·. -+ 66 55 9 .. -. ' 

Othello 14 73· 55 62 + 9 
,ConfJe1l 14 .73, 55 66· + 11. ·-
Berg Ranch 14- 95, 69 80 + 15 

,_ -,. 

·. Wahluke 14- . 84. 66 77 + 12-

Cooke Brothers 14 .> 77· 55 69 + 13 

Ringold - 11 .69 55 69 + 17 

Baxter Substation . 13' · 7l .. _, 

44 66 + ta -
Byers· Landfng · 14 88 69 77 + 11 ··-
Average+2 samplestandard_devfations 70 + 15 

. -
Dfstant _comnunfty ~ose . 

Ellensburg · 10 ·66 44 51 + 13 ·-. ' 
Walla Walla 13 80 62 73 + 10 
Sunnyside· 14 ..• 69. 55 66 + 9 -
McNary· 14 .. 8()' 62 73 + 11 
Moses Lake· .14 73 58 66 + 7 
Washtucna · 14 · 84 58 69· + 13 

Average +2 sample standard dev·iations · 66 + 16 
- ,. -=--

aTotal background dose from· external irradi_ation would include in 
an ·additional dose from the. neutron c~onent .of cosmic radiationc 

: 

This is estimated to be'·equivalent to 6 mrem/#. at the elevation of _the -
Hanford region fran EPA publication 0RP/SID··7Z-1. 

. . boosimeters are generally deployed on a 2-w~ or 4-wk interval. 
This practice results in about 26 or 13: separate measurements . 
. at each location. There is some .variab-ility because cif scheduling and.· 
year-to-year overlap. · . ..· · . . . 

. CMonthly or biweekly meas·urements. converted to equivalent 
· '. annu·al' dose. -Average +2-_ sample standard deviations calculated for 
· each location.. . . - .·· -- ·· . . · . · 

8=102 
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-_ TABL-E 8-21.: · Dose ·;to ,tne_·Popul at ion· from:•.Liq~ii_sEffJuents :·· ._ 

. . 

. Exposure mode 

. 'Release~ -Dur·ing. 19].8~. -

-_ . -· Pop·utµtion dQse.- .(man-rein} 
',' ' ' . . . : 

·-Pcipulati on . 
·affected.--

First~year dose. -

. . 

.. 
,,·, 

. . ,',. ~ .,' 
{ ': -·~ . 

'\ .. ·, 

~-. /, . 
,1,r 

-·Drinking water _50,000 - 0~0.1 · bo·o1 J~40... -· 0 .. 02 
. <:·:' ... ··· ... ,}F:ish · · b _ OJJ1 ·· - 0.01 ·_-. ·o·~qt:·->'.: :a.in:•,>. 

••·• :_ Aquatic• recreation - _125,000 •· 0.01 : 'O.,Ol _:. 0~_·0-1, _::,:< ~o~0l -
' ' 

-~:> : Irrigated f oodstLiffs 2,000 · 0~01 · 0.01, --0 .. 16 -_: :-- O~Ol -·: · < 
:._ ~/ . .----------------------------:----......,;.~--

. so.:.y~'.-comrrtitment. 

:·'; N): -•- :Drink ,_ng _water, - · .. -._- 50,000'. . 0.06. -·• ··.cO~Ol: - .. · :l .. 50 .·\ · ·: 0~22 > •- -_· 
r-,~-- . . . . . : 

i 

iE:- : __ 'Fi sh . _______ . _ _ _ b - 0c0l - 0a0l . - o~:02· - -:. - ,"·0~02 .- _ -. · · -:·.:: >.-
_•:-7:._·. :• :}quat1c recreat10~ · · _ 125,00Q - 0.01 • -O~Ol ·_ - ·. o.-ot · : -·o~Ol' ·.r? - __ 

:;<lrrigat~_foodstuffs· 2,000. . 0~04 · 0.01 Q .. 1-6 \ ·o:14/: _, .-\, ,,_ ., _ ·--------------~---------------:-------~--~· ... 

. aGastrointestina'l tract ,Clower- large' intestine)~ , ·--· - . ·- . . ; ,; 
. .-_b -_ .. _ -. - - _. ' . -- - .- · •. - _- - , : -_-, - - • ·- _.- :.- - · .. _. -. _-;' .·;:-.. --_,· ,_-, - -. , ,._-_, ___ -_ 
· The population dose _-1s based_ on consumption of.15,000 kg ·of .f-ish · · -

__ -during 1978 •. The populatiofl dose_ would be.numer1cally _-the· same,regard,less 
,'-/ ,·; __ , __ .of the .number of people eating the f_ish~ · _,. ,, · · · · 

·_ TABLE -s-22., Dose_ to ·-the Pop~latiorl"frbm Airborne -
·Effluents R,eleasec!_'During 19?8 .. _ · -

--··-' ·,_ . -----~----;.....;.---,-----------------------
. Population dose (man-rem) 

·--Effluent - · so·..;km 

release _> population -· ~~~e I si* I Thyrofd -1 Bone -•l Lung 

: 100-N Area · 

, : .200 · Areas " -

- - 300 Area 

]OO-N Area·· 

200 Areas 
:300 Area-

' 

236 '000' , . . . 

,258,000 

17_19000 

236,000· 

258,000 
_ 17.1,000 

" 

First~year dose. 

_, __ 1.5 · 

-·_ 0~01 

- 0 .. 01, 

-~l.5 -

--. 0.01- -

OcOl 

· 'S0~yr commitment 

1.5 - .1.5 

0.06 ·_ 0a0l 

·-· ·0.01 _ 0.01 

•' 3~J -
. o.-oL· 

0 .. 25 

3.2 

.0 .. 01 
0 .. 41 

*-Gastr.oi ntesti na 1 ·.tract -( lower ·1 arge · i ntestfn·e)., - · 

. ' , --';. • .. ' 

-·-8-101 
. : .::,_: 

· - _ --1.s· -1~1 

o.ot:_: - 0~02 

·Ou01 

1 .. 5- 1 .. 7 

--0.28 0.06 
·-

_- O~ll .· · 0.03 
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The calculation. for annual dose to the maximun individual and the 50-yr 
dose c011111itment for the maximum inc:fividual includes~ (l) exposure to air
borne radionuclides at a location. 1 mi east of the 300 Area, (2) intake of 
drinking water obtained. from the Columbia River at Richland, (3) consump ... 
tion of foodstuffs irrigated with Columbia.River water at River~iew, and 
(4) aquatic recreatiart along the Hanford re1eh of the Columbia River.,. The 
doses are c·a1culated using the. DACRIN and FOOD codes and radioactive path-· 
ways that. apply t~ the Hanford.Site and its surroundings. The _doses shown · 

·in these.tables are not. additive, since it is not possible.for a single 
individual to be.exposed to all sou~es at the same-·time. 

Four~· new nucJear reactor -facilities .are being:ccompleted on· the·· Hanford.• 
Site. One. f-acil ity is the~_Fast:· Flux Test: Facility, a sodium-cooled fast· 

a:, breeder reactor. · ·The other three facilities are· 1 ight-water power reactors. 
t'J . Radioactive effluents from these facilities wi 11 probably be comparable to 

: ~ · those fran N Reactor,, which es$eri'tially make up the releases from the · · ~; 

0
~ .. -100 ·Area •. ·. ·. 

-.is> .• 

. ~- Measured background radiation dcises for c0111111.mities surrounding the 
•...-.;:;. Hanford Site are presented in Table 8-24. Figure 8-24. 11 lustrates the 

· .~ ._· doses due to ·effluents from ·the -Hanforci: Site w·ith doses from other sources. 
of radiation. '· · · 

-a.6.3 Estimated Offsite Exposure 
•'. 

... The site location and-site description are given .in detail in Sec., 
'.> tion 3.1.' There. are no residential. sites closer than ab.out 12 .mi to the 
·,_,_ PUREX Facility and the closest·· significant population center is the city of.• 
. Richland, located· about-18 mt to -the southeast.: Figure 3-6 portrays the: 
. ·estimated geographic distribution of the 1980 population within. an so ... mi. 

radius· of. the Hanford M_eteor9Je>gical Station .wh·ich is located J' mf to the · · 
· west-nort.hwest of the P.UREX Plant. . · 

State Highway 240 runs through the Hanford Site and passes.within 5 mi 
of tlu! PUREX Plant.·. The potential for public exposure on this highway is · 

. taken int.a consideration for analyses of· hypothetica-1 ( accidents, but it 
would not be appropriate or realistic to use the highway location· for the 
purpose of predicting continuous exposure to the general population. The 
section. chosen for predicting the maximun exposure to an individual is 
Ringold, about _15 mi east-southeast of the PUREX Plant~ 

8.6.3.1. Identification· of Sources. _ The projected radioactive. gaseous 
effluents from plant operation are given in Table 7-3 •. These releases are 
based on processing. annually 2,100 t of N ·Reactor fuel irradiated to 

. 12% 240Pu. The. fuel is composed of SOS Mark IV. fuel elements and 20% 
Mark IA ( spike) fuel elements. The decay history of the fuel .-is assumed to · 
be one-sixth {350- t) 180-d cooled, one-si.xth 2-yr cooled, and one-sixth 

. 3-yr cooled. · The· remainder of the fuel is. cooJed for a period longer ·than 
· 3 yr. If 6% 240Pu irradiated fuel is processed, then the radioactive -
effluentwill,be,about one-half those released for the 12% 240pu fuel. 

8-103 
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--._'tABLE 8-24 •. Computer Progr,ains Used to ca'lc~iat¢Potehtia'l:} 
Radtation Doses- from Effluents Released .at·PUR£Xe - _- -

-- ; .... : . Progr_am . Type of -Dose • -

-, .. ,,,. 

KRONIC 1-yr air .submersion dose f.rom chr~nic releases., indiv-i.dua.1 
and collective 

HAOOC 1-yr ·individual and collective air -s~bmersion ·and :inhal'ation 
dose collllii tments f ram acute rel eases ( semi-infinite,_ cloud_- -
model for external doses_) - - -- . -- -- -

-,, ' . 

Iridividual and collect·ive inhalation doses from chro~ic :o:; . DACRIN-

... ·, • ../;, ••••• ! 

- , acute re 1 eases,, 1-yr ·doses, _ dpse conmi tments ~- ,andi:accumu:l~tii!d, ·, 
' . . . ' . . ' . . 

doses · 

Individual and collective doses from ~ontaminated farm pr.o
ducts, from either ·air deposition or il'.'rigation, l-yr 'dOse, 
.and dose· conmitment · · · · · · ·- · · · -- · · · · · 

,:-· •;· 

• 
Indi yidua l and collective·. doses -from contaminated ;water and · •• 

; . 'aquatic·- fooas and 'aquatic recreation,• l-yr dose; 'and -dose· ' 
· conmitment · · · · · · · · 

-NATURAL BACKGROUND RADIATION-

· lVPICAL; PER CAPITA MEDICAL 
- · DOSE IN THE UNITED STATES 

_ $-ti, COMMERCIAL JET FLIGHT 
· 1"'0.5 nvan/_tv @ 20 mil 

• ESTIMATED MAXIMUM INDMDUM. ·· 
DOSE. FROM ·1971 _ HANFORD OPERATl01'4S 

'. ESTIMATED AVERAGE DOSE PER CAPITA . 
--FROM -1978 HANFORD. OPERATIONS -

-0.1. 

- 0.006 · 

0 10 ·.20 30 40 50 60. 70 80 .90 100 

RCPIIID-15A 

FIGURE 8-24. Comparative Doses Receiv~d ·:-
- (mrem) from Various -Radiation ·Sources. ( 45) < -_ 
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Greater .than 901 of the radionuc11des released 1n the_ gaseous efflu= 
ent wi 11 be. emitted ,fran the main stack at the: PUREX Plant., The estimates 
for total alpha, total beta11 ·and 131I are based on measurements made 

_while reprocessing .. ,fuel at the plant in 1972,- but 1'1Clude the effect ·of 
planned improvements at the plant which will further reduce the quantity 
of radionuclides releasec:i·to the envfrar1m~t.. The estirm~ted release rates 
for the gaseous and, volatfle radionuc11d~$ are based on caletAlations of 
th~ total quantity of such .radionuc11des 1n· the fuel a~d the part1t1-oning 
expected ·in the process· equipment. For example11 an of the 85Kr 1s · 
released, since capture and di_sposal. are not praetical at the _plant. _ The 

_ release· of· 129y: is assumed to. occur in the-same· percentage as"'131 r. -
_ which has. been· measured.· Approximately 151 of the· tritium- in ·the-··fuel is 
· assumed to ·be entra-ined '. in .the-gaseous-- effluent for the purpose of cal cu-

, . ·'· lating off site exposure, although it_ ·is judged, that this 1s conservatively 
;;;- _ high and ·that gr_eater than- 95S of tritium exits in aqueous waste streams. 

·--~. ·· The total amount- of 14C, in the· fuel is- not well known and,. in fact, fs •· -,i ~ a strong function of the quantity of nitrogevi trapped in the fuel dur.ing 
· ~-: marmfacture. It is assumed that all of-·the 14C is released to the 

., ~ .. -,- environment as ·carbon _dioxide in _the g·aseou~ effluet1t. 

;;:: . - _ The' radionu.cUdes listed in Table 1~3 are the source terms for the. 
~K · offsite exposure calculations. A' detailed breakdown of, the specific 

· ·:. nuclides that constitute the total alpha and_ total beta ( as particulates} 
-~: categories is not available.· Therefore, these-radionuclide.groups are -

-represented by ·239P_u -and -90Sr, respectively.. · - - __ • • _ · · - _ 

8~6~3.2- -_ Analysis of Effects and -Conseguences~ · A. large data· base and _ 
·- .:. a sophist1cated "pathways" mode I have been developed for perfonni ng the 

offsite exposure calculations .in support of_ th~ .numerous programs at- the 
Hanford .Site involving radioactive material~- The data base includes 

.,. ... dietary and recreational preferences and habits in the general popula
. _ tion, as well as agricul_tural practices_· in the_ general reg;on~ · The 

· standard Hanford terrestrial pathway data are given· in the 1979 annual 
reports(Sl,52) on ·environmental survei11ance:.and environmental status · 
of the Hanford Site. 

Meteorological data have been collected. at tl1e Hanford Meteorological _ -
·: , Station for- the past 30 yr._ Values of -/Q 1 1n s/m3 are available in _ 

· Hanford annual reports for the 200-ft-release height. Taking prevailing_ 
· ._winds, di stance -to site boundary, and dietary habits· of the population 

· · - into consideration,. 1t· has been detennined that the maximally exposed 
__ individual is. a person who lives on a fann in the Ringold area and who 

_ : _ supports. himself and his family .with a large garden and fann.,animal 
· · - products~ · The ·/Q 1 values at Ringold fran chronic releases -are __ 

.. 
: ·,, 

. ·.' '~ : 

7.4 x 10-8 s/m3for ground level and 4.5 x lQ-9 s/m3 for elevated
releases~. · Standardized -input for Hapford envlronmental impact statements 
1 s sunma r1 zed 1 n _ a recent report. ( 53 J · - . 

a~ 105_ -
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.. , ... ' .·· ' ' the canputer programs ·-used to ·calcu,late potential radia,ti~n-;doses· f,roril,: ,.' ' " 
. : :·atmospheric releases at the plant a're surrmarized·:in Table a.:·25 ati'.d thei"r: .. · . 
· · .. interrelationship.in performing dose ·predictions .for a maximally exposed .. 

individual and to the reg·iona1 population· due· t_o a chron_.ic atmospheric 
· release is shown in Figure 8-25 •. The programs KRONICf54.) and . ••·· · . · 
-··oACRIN(55_,56)_take information about meteorology·and populatlori'dis-': • 
.·tribution and calculate ·air submersion and inhalation doses, _respectively"· 

. Jor·-a given release •.terni. · A population ... weighted value ·of the ·annual . 
·.: average air concentration per unit release of r.adiom.1clides -.(-/Q'J 

< .. i:calculated as ·a· byproduct of KRONIC is used by the program :PABLM(S7) 
·:/ialong with infonnat.ion on crops grownl'ocally,-to calculate an. a~i:umulateo ... 

aose from ,terrestrial pathways. · · · 

'' ', . 

. the.radiation doses'predicted as·:·a 'resuJt'of routin~-"rel~ase~·fT'OOI '· .,. 
· ~:: · _· <the -.PUREX.Plant when .-it begins: repro·cessingfuel are··given in-Table 8-2s.··. < 
··a,..,•</ 'The predicted doses are for the maximum ,individual and for .the general···· · 
· 9: .... population •1iving within a SO-mi .radius ·_.are~ of the.PUREX Plant.: Each 

' ' . 
--,, .. :-.::. ·:. 

I 

. :!:'.· :_ group· is broken down further into three ·categories: · . . ·. · · · 
- C-:;Ji . . . .· . . . . . . ' 

--~- ·· • The ·dose from l:yr of release with:1 yr,of :accumulation 

--~;:/~, '<.. · , .- • .iThedose from 1 yr of release~ 'bu{,wlth -a-7cf-yr .accumul~tio"rr::·'._:\:' :/:: · 
. perjod 

·. • • The·dose from- ,1oyr of .re.le~se wi~h ,a 70"."yr :accumu:lati~n,_ period~: < 
, ...... ·, .. T.he doses·;are shown separ.ately, according>to the_,pathway of :exposure'., 

. ,·.:<::·{alr submersion~ ,·inhalation, ground deposition, ·and jngestion) :and organ-: ·\·,· 
· of the·body. · Th_e designation •a11° .implies· that_.all -organs of_ the bo~y:: 

receive the same dose as the total ·body. : The. sum of the totaLbody. doses.: . . .... 
"for all ,pathways of exposure to ·the maxim1111 individual- as a .result; ·of,·(:,;_.:, :.:;: .. :. 

<10. yr.()f plant operation ·and 70 yr of accumulation is-0.4 mrem •. ·Ttris: is>: - , .. . . 
. -n~gligible in comparison with an expected dose of"about. 7,000 mrem due to ... · : . · .-: :__. 

· · -·· · · ··natural· background radiation which the same individual will receive over .a ... _- · ', · · 
70~yr period. 

: <:·;a.6.4 · L iguid Release· . 

· ._.··' .·. ·.' ,Jhe -i~formation identified "t,_y Nucl,ear Reg~latory Guide ·3~26" f~r: ·. 
··•. ::,-, inclusion in this ·section ·has been described in ·other sections .of··,this \ 
... ·. >:··,Final Safety Analysis Report. Criteria and improvements· for Jhe"-li_quid·<' 

.: :, :\ _·:.:: . .- effluent streams· are -dis.cussed in Section_ 7.1. ··.Detail's· of the ·t~eatment. · 
· · · : : -_·_, systems for the various·· streams are given in Section 7 .5. Sectio,, 8.6.2 ·. 

·. / ·d.escribes the results of the surveillance. program upon •which the· offsite 
· .. population exposure calculations are bas_ed • . · · 

'',. · .. ,' 

. , .. ·., 
,, .. , ',.' 

. ,.,_ ... 
'· ': 

. ' . . . 
,,._.' - ,", ' 
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· TABLE 8-25. ·Radiation Doses from Routine Releases from the PUREX Plant for an Annual Fuel 
- Repro~es~ t ng . .!l~-~ of 2 I! 00 _t_t,g -.tbl.1!iX 1111!1!!1 I ndty1 d1 Un~. -~ -.t~ --~!!rr!l!!~.4il!!l. !'.91!!! 1,u QR., .••. 

111•1- tnclt11Gdu1I dose (rea) - - · Popul1U011 dose (aa11-rea)d -

Pllhw1y 1nd organ I-yr rslease/ I-yr rele,,517' -. Ii-Jr ll'elease/c -,:;;-;;J;;s-;,T,-- I-yr rele11e/ 71-;,:yr reh11se/ 
I-yr 1cc1a1l1tlD11 10-yr acciaulaU011 10-yr 1ec1a1l1tta11 1-,r acc..uhU~-rr acc1a1l1llo~_1, ll0-yr accuaJiAtl1111 --- - - -·--,-- -----
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